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PREFACE AND ACKNCWLEDGEMENT

This study proceeded as my past interests and basic
backgrounds in Industrial and Environmental Design were put
into action. Throughout the course of this study I tried
to remain impersonal to the study's problems. I attempted
to play the many roles of an interdisciplinary design team
by studying the varying topical areas in literature and by
discussing throughout the study with individuals having
varying interests in the study's problems. Through this
effort, the philosophy of most of the interests, literature
concerned and applicabie to the overall problems of the

study were obtained.

Sequentially, I collected, organized, interpreted and
analyzed data in the study. I simultaneously developed a
rationale to select and determine an order for the
particular information required after showing how data and

such an information system could be used.

Once the problem was fully identified, an eight-month period
of study time was broken down. It took approximately

three months to collect, review and discuss literature.
Another one to two months was spent organizing and identify-
ing data as to how it applied to the problem goals. I

simultaneously began abstracting data.

I began to develop a case study strategy in which to

develop design ideas for one kind of N.A. group, but before
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completion realized that'all N.A.'s couldn't use or require
the same optimal device...so I stopped. Then I re-
evaluated my time to redevelop a strategy in which all N.A.'s
could be taken into account. 7Two months were then left and
used to test the overall information system and to see what
criteria and ideas could be developed while this presentation
was prepared. This study could not have been started or
accomplished without the aid of a great many friends and
associates. In particular, I am deeply indebted to

Dr. Darell Boyd Harmon for his personal informational
guidance on the dynamic nature of the human organism and
design; to Dr. Robert A. Sievert, virector of Physical
Rehabilitation ~t Madison General Hospital for his
informational inputs on the nature of the non-ambulatory
handicapped; and Mr. Steve Kayes, a non-ambulatory student
6f zoology, for his insight on problems of the non-
ambulatory and together for.their graat willingness to
digcuss, share their time, knowledge and advice throughout
this study. I would personally like to thank Professor
Byron C. Bloomfield, Professof Donald C. Hay, Professor Ali
Seireg and Dr. P. Murray, Director of the Kinesiology Le&b,
wOod V.A. Hospital, Milwaukee, Wisconsin, for their overall

guidance, support and inspiration.

In addition, I would like to publicly express my
appreciation to Mrs. Petra Jones, Director of Occupational

Therapy, Madison Seneral Hospital; Miss Paula Amazeen,



physiczl therapist; Dr. Robert D, Hsrmon, a podiatuist:
Mr. Ronald Peterson; and several of the non-ambulatory
patients at Wood V.A. Hospital for their helpful ccmments

and suggestions.

Finally, I must thank Professor Stephen Wasby of the
Southern Illinois University, Carbondale; and my patient
wife, Paala, for a great deal of aid in preparing and

making this study a reality.

~1



[9)

INTRODUCLECH

Problem Statement

The overall problem statement or goals of this study are
as follows.

To first f£ind a msnner of organizing and groupiryg in
detailed, yet logical order, information to support the
development and design of phvsical aids and surrounds for
the K.A.

To be primarily concerned with an ability which most of us
assume and heavily rely upon. The ability to stand
manipulate at will, and readily move or walk when and “hers
we want our legs to go, is rarely, if ever even thougat
about. However, this study will extensively p*OFeL1 T
examine, understand, and identify the needs, charactcxy
and dllemma of those who do not regard walking as an
expected and subconsciously common activity.

-~
C
i3

To develop alternatives and suggest a means by which +iko
Previously N.A. will be able to ambulate or readily nocve
and change their position in at least a semiambulatory
fashion. All the variables, factors, conflicts, res=argl
gaps, and interrelationships involved in determining and
developing a system (subsystems) or means of suppcriing.
powering and controlling artificially aided locomotizn wiil
be disclosed and discussed.

To attempt to resolve the question as to when, where, and
how do you support the human organism, in order to mzke the
proper interface for the varying locomotive demands. The
intent is to answer the question of...how can you make man
walk, climb stairs, etc., when he can't do so under his cwn
power. Thus, the task of the problem is to find and define
a valid and ideal manner in which to make self-ambulation
possible for those who are physiologically not capzable of
walking.

Around these overall problem statements, I have structured
and developed a research strategy which provides the basic

data needed to resolve the needs that the statements imply.

)
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Defininrg Mon~fnmbulntory sod (MbPanctional Pe. formznce

21l biclogic deficiencies causing conditions of unfunctional
ambulation, whether they are innate, abrupt in onset, cr
slow to develop, will be accounted for in this study. Tw»o
characteristics which are common +o all N.A. conditions

need tu be defined.

A N.A. human organism is unable to move functionally thim
the vertical plane of space in a free and controlled
pattern of body motion. The individual is unable io
ambulate functionallv under his own power or with the aid
of exicting physical aids. Someone N.A. is also unzhia to
move with ease and resist the affects of external enenryiis

and forces,

N.A. perforrance conditions are likely to begin with {h2
loss of hip joint control. In nearly all cases this means
that bilateral lower extremity functioning is lost. 1In
part this definition is dependent upon what existing
physical aids cain do for the biologicvally deficient, and

on what we consider functional performance ability.

We must understand the difference between what is
functional and unfunctional performance or locomotor
ability. Locomotor or performance abilities that require
to be maintained, not initiated more conscious, or mental
effort than subconscious effort are to be considrnzed

unfunctional. Performance is also unfunctional if the

w



Non-zubulatory phyvsical handicasnpilng cond
and differ only as @ amount of bioclogic
the neck and hip joints changes
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amount of pnysiological expense or sgirain and effort to
use a physical aid makes performance inconvenient,
impractical or quickly tiring within mininal dimensions of

time and space.

Unfunctional locomotor performance is possible for the K.2.,
but at a greater than normal physiologic cost to the
individual and with limited results or productivity.

Thus, functional performance ability is achieved when resulis
of effort outweigh the expense of maintaining that effori
with more than marginal utility. We don't need any more
philosophizing as to why the physically handicapped znd
particularly the N.A. need aid or assistance. The needs
are real and a fact. What is the problem? Why are we =i
innovators of unbelievable gadgetry, flights to the mooi,
etc., and as peoplz living in an affluent society unszhic to
answer the N.A.'s needs in a real way? Why are we not
resoiving their problems? Why is the well intended piece-
meal innovation and creativity that rectifies some of the
results of their problems but rnot the problems themselves.
Bracing, wheelchairs, etc. and talk of "barrier free"
architecture are no shining examples of innovation.
Advancements are occurring in methods of medical treatment
and specialized arw substitutes and some toy development,
but little has been done to make the N.A. functionally

mobile,
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In the course of this research and desigu study, some of the
reasoning as to why I feel little or no progress in
resolving the dilemma of the N.A. will be discussa=d and

uncovered.

For over one-half of all the physically handicapped in the
world, walking or being semiambulatory is an impossibility
or mere dream. This sad dilemma affects thousands who are
readily unable to support, use, power their own legs in a
Vertical locomotive posture. Some feel in a sense they are
lucky to be confined to a wheelchair, while others ju=z
degeneratively lie or sit around. Well over one-half of all
the physically handicapped in the world are and can be
considered functionally N.A. Statistics in June 1970
estimate that there are over four million in the United
States alone. How many there really are is unknown. Th=
sad part is that most handicaps are children or in
adolescent stages of life. "One in ten children in the
United States are handicapped and six percent of all adults
aged 21-64 are disabled. (Goldsmith S. 1969) Besides the
many permanent N.A. conditions there are many semipermanent,
and many short and 1ong-te¥m semifunctional ambulation
conditicn. The majority of all handicapping conditions will
have some movement restriction. For many, movement control
and stability is still minimal, as they are unable to

voluntarily move thru space with ease.
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As a whole, I believe the neglect an:d lack of understanding
of the handicaps problems primarily stems from the lack of
information dissemination, availability and clear inter-
pretation. Lack of interdisciplinary activity, remncteness
of information for design decision making and specialism has
caused a great deal of misconception about the handicsap,
Poor approaches and methods of design, engineering and
research along with our society’s uneven use of technologic
advancement and progress are all contributors to this

neglect.

Why Study Was Pursued

The need for further study was clear after my involvemerni In
four other projects concerning the physically handicippsd
the previous year. Both academic and personal desires of
learning more about interfacing man with his physical
surrounds and possibly social benefit could be derived at

the same time.

My major goal is to heip end, destroy and rebuff the major
physical, mental and literature barriers and hangups which
I have briefly cited. As many before me, I became &ware of
the dilemma facing many thousands of people who are unable
to functionally ambulate. The overwhelming need is obvious
since apathy and specialisin are unable to resolve the issue.
I intend to provise data for those currently concerned with

developing environments plus toys to support N.A. activity.

bob
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I want to assist efforts of biocengineering groups and make
it clear to them what is essential and unessential. I hope
to make it clear for them and others what should and should
not be done in aiding the N,A. It is most important to
provide data and results which will help guide and stress

a direction as to what kind of hardware development is
needed. Also I hope to identify what's involved in inte-
grating the N.A. with any artificial moving system. To
insure this, my intent is to identify information gaps,
redundancies in human performance needs, and threshold cor

where important changes *n performance criteria will occur,

The specific intent is o provide performance information
which can be easily used within a modest amount of time %o
develop new and biologically beneficial movement aids for
the N.A.'s must clearly communicate to users of information
and allow all N.A. kinds to be helped. I must prove
amplication of data, and show how it is used, showing that
selective information can be developed into useful design
decision making and evaluation criteria. Viable reasoning
for reference and evaluation is necessary, to develop
quantitative basis for solutions. The overall intent and
reason for pursuing this topic is to help myself and others
find a way to aid, support and move, or enable a N.A.
individual to independently perform and move or walk in a

graceful, vertical manner thru space.



Selling the N.A. 1ldaa

Designing for the physicaliy disabled N.A. is not "ivory
tower" in nature as social priorities and concerns exist
today. Hopefully society's means of judging what is

important and how we measure "progress" will change.

It has been the assumption that the market for mass produced
goods for the N.A. handicapped is limited. There are too
many kinds, variations and conditions to contend with and
understand. It has been believed that wide ranges in
individual affects and degree of N.A. disabilities exist,
these contentions have led others to believe that groups

of N.A. having similar problems and needs was also smail.
Thus, the small size market is not thought of as interestin:
to mass production manufactures., "Statistics have been
giving misleading impressions as to numbers involved..."

{'301ldsmith S. 1969)

Whether the N.A. market is small can be debated depending
on how you look at its potential and how you actually cater
or provide for it. Unnecessary fears of difficulties
arising from small market standardization and mass
production have developed. However, this is the same
argument given about any new products when it comes %o
developing biologically suited, artificial supportive
devices and surrounds. Determiners of all our new products

have failed to recognize that there are underlying

bt
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commonalities in N.A.'s just as in tie nonhandicapped.
The commonalities are biologically based in both cases.

They have been only looking for superficial differences.

I strongly believe there is merit and reward in investing
N.A. market if it's approached properly and understood.
Although what 1is convenient for the N.A. may not be
automatically suitable to everyone's use, there 1is also
the potential of exciting spin off benefits, ideas and

concepts.

Premise

It has been perconally felt that a design research study
must be new and creative, rather than a rewording of
literature. wWith this argﬁment, the study proceeded on the
basis of several personal convictions, beliefs and aspira-
tions concerning the role of design, basis and processes

to design, and how the problems nf the non-ambulatory,

physically handicapped (N.A.) must be resolved.

Those of us, designers and others, who are or will attempt
to plan, arrange, create or determine another man's
physical éurrounds, have a very grave responsibility, a
responsibility and role which has not been fully realized
to date to its vital importance. This responsibility is to
serve mankind or the human veing. The responsibility is to
optimally reinforce the a°tivities and dynamic nature of

the "human animal". OxLy by adding to human knowledge or

16



engaging in activities that have suw: social worthiness,
can this responsibility be met or accomplished. I believe
how responsible we become is going to directly influence
men's lives, experiences and just how humane mankind will
be in the future. As determiners of othex men’s physical
surrounding we are inherently responsible for the present
physicél problems of mankind and must rectify them as we
answer unresolved needs, without creating new probiems. I
believe that as determinors of other men's lives we must
become agents of interdisciplinary thinking., We must
develop "disciplined imaginations" and be able to intermct
ﬁith and use many disciplines, skills and factors, 1o aiante
physical surrounds and devices which can enhance man's
2bility to meet his needs in a physiologically, psychologi~

czlly and socially advantageous manner.

I am thoroughly convinced that past intuitive design or

problem solving is misleading, invalid and impractical,

particularly for large scale decision making. Optimal
design decision making requires that all essential factoxs
and aspects of a problem are accounted for, No problem oxr
proolems are possible to resolve without a thorough in-
vestigation into these essential factors, etc. A systematic
and structured process of investigating is needed to
interpret, understand and identify problems, needs and also
the character of fhe tasks involved. Few, if any, problems

exist, unless man is involved in some way. All decision

s
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making problems will involve or ieiate to some sort of
human event, activity or interaction. Thus, an analysis
to understand what performance or task situation and needs
should be supported, is (I believe) a primary requirsment
before any decisions are made. I also believe there is a
way to eliminate the intuitive gaps in the design prcoeess

or stages between research and design application,

Although task analysis is basic to all problem solving
strategies each investigation strategy in total will

usually need to vary in the procedures and approach to
understanding, since nearly all problems have a unique

character themselves.

Biologically man never can isolate himself from his
surroundings. He is continually interacting with the
energies and forces about him., Man must remain dynamic

to survive, or act and respond to the affects of these
energies and forces., Man requires the freedom to move and
respond to his surround in order to maintain internal

integrity and ability to perform with least effort.

Thus, whatever is artificially provided for man must
reinforce or support his biologic integrity and natural
performance. The full development and proof of such a

basis to design does not exist but is yet to be accomplished
and be.publicly recognized. However, there is no doubt

that man tends to be the "common denominator" for all that

(Y
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is done and provided. So this study is an attempt to
expand upon the still thcoretical psychobiological basis

and approach to design,

Throughout the entire study the assumption will be that

the problems and subsequent dilemma of the N.A. have to be
simplified and understood before they can be resolved. In
this study, we will proceed to £ind a method and manner in
which to organize and show how N.A., design decision making
can occur. Such a system must be understandable and use<

by all disciplines concerning themselves with the N.A.

There is reason to assume that a great many correlaticne
regarding the N.A. and their needs have been never identified

and need to be.

I hypothesize that there is a way to break down the vaxying
components of human performance and relate them to biologic
demands and varying amounts of biologic deficiency; with
the hope of being able to determine quantitative dif-
ferences between existing performance abilities and what
the N.A. require. It will be my argument throughout this
entire study that 1) all human organisms that cannot walk
or readily move in a vertical posture because of a physical
disability should be able to do so. 2) the human organism's
ability to walk and readily move about is a rstural,
unique, efficient and necessary ability or activity of man

and should be artificially substituted if the ability does

13
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not exist, as walking is the activity that distinguiches
man from all other species, and 3) there is a very
delicate, balance and interrelationship between the human
organism's self functioning desires and the ability to walk

in a self-propelling manner thru space.

The mysticism, etc., and stigmas that exist with the N.A.

in general must be detached in thought and name, throughout
this study. I feel I must convey the fact that just because
someone is or has become a biologically deficient individuzl,

it does not mean he is no longer a human being.

27
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CRITIQUE

Societal Forces and the N.A.

Society as a whole has a tendency to do for the disabled K.A.
what is really not necessary, and not do, what they really
need, particularly when it comes to allowing the X.A. to

live in the nonhandicap’s environment. The social barriers
the N.A.'s are forced to face often become more powerful

than the physical ones they must put up with. Social
complacency to aid the N.A. is seen by observing the amcunt
of progress in providing the N.A. with new means of mobility,
jobs, and access to facilities and public transit. Social

discrimination is actually occurring.

The N.A. often have a hard time realistically seeing them-
selves as individuals, through the social stereotype they
have been put in. Well meaning assumptions as to how and
what N.A. ought to have and behave like have developed.
Such social forces are often the cause of continuous
embafrassment and involuntary harassment for many N.A.'s.
The N.A.'s are continually faced with reminders as their
being out of the ordinary. The subconscious harassment or
anti~handicap feeling in society is possibly a result of
the innate fear of not understanding.

“ee.physical disability and wheelchair make

people treat you as something less than human"
(Fay L. 1269)



We need to change the presently poor social attitude, civil
rights and cultural norms which have entrenched themselves
in the minds of the healthy. They are stopping many N.A.
from moving about and interacting in society as they could.
Societal forces will continue to suppress the N.A.'s as

individuals as long as they are treated as outcasted minority.

Past Assumptions on Designing Physical Aids for the N.A.

Basically, two attitudes as a result of false assumptions
have prevailed with regards to designing for the N.A. COCue
assumption has been that the N.A. want to be provided for
and treated the same as those who are not handicapped, The
cosmetic attitude is that aids should be indisgtinguishable
in total appearance from that of the normal huyman body,

The other alternate assumption is that physical aids ahd
surrouﬁds for the N.A. should be'visualiy different from

the nondisabled because their needs are different. I believe
there may be a common medium between these two past

assumptions,

Many current physical aids (bracing for example) are said

to be effective only in superficial ways because fhey only‘
test the N.A.'s physical capacity rather than enhance and
support it, Also current aids neglect to allow for both
practical and yet recreative usage. Developers of physical
aids for the N.A, have not provided effective tools in which

the N.A. can freely explore his physical surrounds, Most

N\
DD



b

existing aids are difficult to use, energy consuming,
lacking in dependability and require a great deal of mental
effort to use.
Severely handicapped patients must pericrce
accept almost any device which offers appreciable
improvement in function regardless of bulkiness,
poor appearance, cost, or other disadvantages.
(E. F. Murphy 1965)
Many times physical aids are rejected when the N.A. finds
or considers the aid of marginal utility without an effort
required and can maintain a similar but less functional
ability unaided with much less effort.
Much of the mechanical self-help equipment given
to patients at the time of discharge was little
or never used. (L.Kaplan 1966)
Presently, the less deficient the N.A., the more effectivs
the forms of physical aids are and the more biologically

deficient the N.A., the less effective although the need

is greater as the amount of deficiency increases.

The development of creative and functional physical aids
and surrounds for the N.A.'s has not occurred. I believe
definite miéconceptions and false assumptions of the past

have added to this problemn.

First the "trial and error" approach to development of
physical aids'for the N.A. has been traditionally carried
on. Making sure that there is something to physically show
for one's work, whether on a viable basis or not, has been

a safe way of measuring and verifying progress. A great

nNo
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amount of physical effort has been gone through to attempt

and aid the N.A., but with little functional results.

Secondly, some engineering oriented disciplines have been
guilty of developing partial models of human functioning,
particularly biomechanic models. After doing so, they use
the médel to develop a comparable physical system to aid
the N.A. using trial and error procedures and then attempt
to relate the physical system to the users or human
organisms that need to integrate with it. Poor biologic
integrations between organic and the artificial have been

the result.

There has been another false assumption and subsequent
misconception concerning the importance of visual localiza-
tion, that according to recent findings of Leonard Cohen
and Darell Harmon, still misleads most of the design
profession. Because of it we have had "design artists"
(@long with society) who have been lead to believe that
visual localization (color, form and shape) is the basis

of design. The appearance of physical aids became
universally more important than design, based on maintaining
the human organisms integrity by determining how well the
mechanisms of visual orientation, balance and alignment
wWere being supported. With a false basis to design and
Possibly some anthropometvric data, "design artists" have
been only able to conceive how the N.A, can be integrated

with physical aids.
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Thus, there has been a tendency up o this tima to blame
failures in physical aid development, on biological

problems, of integrating rathex than on errors and false
assumptions of design, method of analysis and application.
While it has been suggested, "...we need to learn from the
mistakes of those in the proesthetics field" {(Murray F. 1970).
I also believe that designers must become more preventive
oriented with regards to the problems of the N.A., than
corrective oriented as the orthotic and proesthetic

disciplines have been.

Information Use, Abuse and Gaps

Information concerning the topics related to designing foi
the N.A. is often overspecialized, unclear, contradicting
and not applicable to design decision making. A great deal
of it is only interpretable by the specialized groups that
formulate it. Existing information is hard to locate and
relate to real problems of the N,A. Lack of reliable
statistical information prevents accurate estimation of the
N.A.'s needs. Improper attitudes have developed because

of emphasis in literature on special kinds of N.A. case
histories and general surveys iather than on the N.A. as a
whole. Minimizing social stigmas and the development of

new aids for the N.A. have been thus curtailed.

Present knowledge of the human motor system is full of gaps,

particularly neurophysiologically. It seems that what we

o
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know even about the human organism znd its processes has
been kept in an isolated and technically organized form.
Understanding the performance of the human organism as a
whole has been made extremely difficult, It is easy to see
how isolated, biased interpretations and models arc evolved
as a result,

A full synthesis of all the elements which

simultaneously participate in dynamic loco-

motion has not been found. The primary

determinants of it and dynamic performance

ability. (Schermerhorn R. 1968)
Some misuse and contradicting interpretation of data comes
about due tc information usage biases and concern
emphasis..."stay to the clinical side rather than the
physical education interpretations of dynamic performancs,"
(Murry, P. 1970) Aavailability of new materials and
technological information for those concerned with patisnt
oriented problems is tending to lag behind resources and
information available to "ivory tower research efforts".
Poor information dissemination is adding to this lag
problem, As information cf specialist research areas is
not being interpreted for social usage or application.
Research into the influences of combined stimuli and

stresses on the human organism more than any other topic

is needed to give us useful design information.

N
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Barriers and Conflicts Between Disciniines

In order to resolve the problems of the N.A, there is a
great need for interdisciplinary interaction, "eoofew, if
any, disciplines stand alone..." (D. B. Harmon, 1971)

There is a need to combine and synthesize all the points of
view of disciplines related to the problems of the N.A.

But first we must strip away the specialized terminology of
the specialists., In particular, I feel design personnel
need to seek full interaction between medicine, clinical
and bioengineering groups. An increase in cross-communica-
tion between disciplines and literary terminology at all
levels of personal interaction is necessary. More team
studies are needed so that all aspects of the N.A.
character can be understood. To date, all disciplines
concerned with N.A., including designers, have been at
fault for isolating themselves in the approach to the
problems of the N.A. The medical profession or clinical
disciplines are probably the most guilty. Due to their
training, orientation and widespread prestige, they tend

to be-authoritariaﬁ arbitrators of biologic, information
dissemination and use, while often unappreciative of,the
contributions other disciplines could make to help the N.A.
Clinical disciplines have unknowingly controlled what
becomes biological ethical, and often are an obstacle to
advancement in the sharing and interpretation of their

literature and terminology.
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In the past individual groups of disi:iplines have been
spurred to develop and emphasis tangible results. Research
foundations prefer to associate and support these
activitieé. Thus, in their Jdesire and habit to prove
tangible efforts, the use of technology has often been
misused. Due to the lack of intearrdisciplinary interaction
and proper approaches to problems of the N.A., unnecessary
gaps between the present use of technology and its full

potential, exists.

Those who detexrmine the physical support and aid for the
N.A. will need to seek more cooperation and minimize their
research competition. They also need to increase their
willingness, and abilities to expedite, carefully planned,

creative leaps between ideas and application.

To beneficially account for the needs of the N.A.,
information concepts need to be unionized, particularly,
within clinical disciplines.
The mathematics of dynamic mechanics, action-
reaction phencmena in different discipline
languages must be broken down. (D. B. Harmon 1971)
The need to minimize barriers of specialist terminology

and to develop the ability for communication in a common

language, is a must.

H
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Theory of Hierarchial Levels of Psyciicbiologic Deficiency

What is and how do you use the Key to hierarchial levels
psychobiologic deficiency or N.A. coﬁdition involvement.
All N.A. handicapping conditions were found to have one
degree or another of performance loss due to biologic
deficiency within so much of the body. This loss was
usually to a moderate to full degree. At the same time
there seemed to exist a correlation between what kind of
biologic deficiency was occurring, how much of the body mass
was involved and what kind of attributable problems and
complications they had and/or soon developed. A theory
developed, which later became evident, that N.A. human

{f- organism which were involved at the same level in the body,
had basically the same characteristics, problems and

resulting problems, etc.

Parameters as to when someone was or was not considered
functionally ambulatory in a performance sense were set up.
Thus, from the high neck area on down, to just below the hip
Jjoints, was the body mass area where I felt the variations
in kinds of N.A. conditions fell for bilateral organic
deficiency below this level is taken for granted. After
carefully studying the N.A.'s handicapping conditions and
how biclogic structures, systems worked and where located,
the area.where variations in N.A. conditions occur was

s subdivided into eight significant biologic (body mass) areas
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or adjacent levels that if deficient would cause a definite
change in total body functioning, or performance ability.

The key is a guide enabling users to seek out and locate
precisely what information they need to know. This key is
essential to the entire information system for all of the
data included in it, ties directly or indirectly in with

the key. The key is directly interrelated with the chart

on the N.A. condition kinds and to all of the characteristics
needs, requirements which have been fc:nd to change as

biologic deficiency and involvem~nt increases and decrezsscs.

Levels of the Hierarchial Key

With observation it is easily seen that the key is broken
down into two kinds or sets of ordesred categories which
indicate a group of information. Numbered and lettered

categories are given,

The numbered categories are arranged in a strict top to
bottom order, each number category represents in a similar
top to bottom order the particulaf body mass area from the
J.igh neck down to the hip joints. There are eight number
categories each identifies and can lead a user to

information on the particular body mass area that it denotes.

Mixed in with the categories indicating the levels of
biologic deficiency ¢ involvement are categories denoted

by letters. These letters are presented in a less than

30
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perfect top to bottom alphabetical ordesr because they will
vary depending on the particular kind and level of
deficiency rather than the deficiency order. The letters
order is also less perfect because they often represent the
indirect results of more than one level of biologic
deficiency. There are two kinds of "lettered" condition
variables thus occurring on the key. There are the
rerformance variable changes which coincide with the
particular level of deficiency. And there are the prominent
characteristic condition variables that occur due to a
particular body segment or area of deficiency. Each of the
seven varizble conditions have been placed in their proper
progression of order as they occur with varying levels of
deficiency. Each variable's own unique set of character-
istics are thus properly additive to those of the overall
deficiency level.

How To Use the Key to Rierarchial Levels of N.A.
Biologic Deficiency

To use the key properly it must be remembered that its
categories and their subsequent information are arranged in
a carefully arranged and thought-out hierarchial order.
There is a great deal of importance and meaning built into
the way it’'s organized. The key will be a guide to using,
locating, and comparing information within the information
system. By using the key, it is easy to pick out where

major changes in performance ability occur and/or what major

31
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condition variables can influence the overall N.A.'s
condition character. The key will commonly be used after
having to use the chart on the varying kinds of N.A.

conditions and their level of involvement.

Procedure of use is simple since its order is self-
explanatory. First, the highest level of biologic deficiency
involvement or category interested in is located on the key.
Wé must then determine what other categories of condition
variable information on the key needs to be taken into
account. This will usually vary depending on how
biologically involved a group or kind of N.A. we are going
to examine while keeping in mind that it is necessary to
remember that each category given on key corfesponds cnly
to an independent group of information within the system.
Next we must either simultaneously or separately check off
and examine all of the numbered categories or levels of
biologic deficiency from the highest involvement level on
down, and take into.account all letters within the highest
levels category and any other proceeding letters which have
similar "trail" numbers or are of a proceeding letter type.
This gives us both a list of category numbers and condition
variable category letters (with trial numbers). Aadded
together, the information which corresponds to these
categoriés now listed will provide an entire review of all
the characteristics, problems, needs, ctc., which are

involved at this particular level of psychobiologic deficiency.
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We must be careful when examining the information pertaining
to the variable and be sure that it's being examined in
light of its proper degree or involvement intensity.

A checklist is given to insure that the proper condition
variables and characteristics below the highest level of
deficiency we may be examining will be taken into account.
Other than taking into account all deficiency characteristics
falling below the highest level of deficiency indicated,

the following lettered variables must be also included if
the deficiency level is:

(1.1) A.l] c.l, D.l' E.l' G.l

(102) B 'l C.l, Dol, E.l, F ,Gol

(103) B f ] c.l' D.l' E.l' F 'G.l

(2.1) B ’ c.l, D.lp E.l' F ;G.J-

(3.1) C.2, D.z' E.2, F ’ G.l'

(4.1y c.2, F , G.l

(5.1) A.z, C.Z, G.l

(6.1) c.3
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KEY TO HIERARCHIAL LEVELS OF BIOLOGIC DEFICIENCY
AXD CORPESPCNDING CONDITICY VARIABLES 30

HIGH CERVICAL AREA DEFICIENZTES oot T
(high shoulder-neck involvemant or C3-~C4 innervation}

HYPOTONLIC-TLACCID AND RIGID MUSCULATURE
(moderate to full)

LOW CERVICAL ARFA DEFICIENCIES
(low shoulder-high back and chest or C5~C6 innexvation

LOWER UFPPER EXTREMXITY DEFICIENCIES
(forearm, wrist and hand or C7-C8 innervation)

HIGH TEORAYM. AREA DEFICIENCIES
(high chest and back or Tl-T4 innervation)

SYMPATHETIC DIVISION,AUTONOMIC NERVOUS SYSITIEM DISRUPTICNW
(involuntary, inhibitory contirol loss)

POSTURAYL, IMBALAMCES AND DETFORMITY
(moderate to full disruption)

MOVEMENT CAPACITY LOSS
(moderate to full disruption or confined sitting & lying)

SELF-~CARE DEPENDENCY
{moderate to full)

MIDTHIORAX AREA DEFICIENCIES
(high abdomen-midback or T5-T8 1nnervatlon)

MOVEMENT CAPACITY LOSS
(moderate or confined, sitting and standing)

SELF-CARE DEPENDENCY
(moderate to partial)

now THORAX AREA DEFICIENCY
{mid abdomen-low back or T9-T1l2 innervation)

HYPARTONIC~-SPASTIC TO RIGID MUSCULATURE
(moderate to full)

LUMBAR SACRAL AREA DEFICIENCIES _
(Low abdomen-sacrum area or L1-S1 innervation)

POSTURAL IMBALANCES AND DEFORMITY

-{(moderate to partial disruption
'CONTRACTURING OF BODY MASS

{moderate to full)

HYPOTONIC-FLACCID AND RIGID MUSCULATURE
(moderate to full)

"BILATERAL LOWER EXTREMITY AREA DEFICIENCIES

(full)

" MOVEMENT CAPACITY LOSS

(moderate to partial or confined ,sitting & semiambulation



Kinds cf Physical Handicaps and Theiy Common
Non—-anbulatory Onset Inveoivement Levels

All of the commonly found and existing physically handi-
capping conditions which are or degenerate into an N.A.
performance condition can be represented along the hier-
archial scale of biologic involvement. This has been done
to clearly display and allow the user of the information
system to compare the degree of biologic deficiency, the
N.A. handicapping conditions are typically found to have at

or when reaching their stage of unfunctional ambulation.

Due to their general nature some handicapping conditions
must biologically degenerate to a higher level of deficiency
before ambulation becomes unfunctional. Others are at an
N.A. level from the start of their handicapping condition
and while others degenerate into a stage of non-ambulation.
Some do this faster than others, depending a great deal on
the kind of biologic deficiency that is occurring.

Examples of this: is in acute malformation and/or spinal
deformities (A2), which first become !N.A. when the
deficiency or level of involvement reaches the 2.1 level.
While multiple sclerosis will aneed to degenerate only to
the 4.1 level to become a N.A. This chart ties directly
into the key to the hierarchial levels of biologic

deficiency and subsequent charts which tie into that.

(Ve
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KINDS OF PHYSICAL HANDICAPS AT THEIR COMMON N.A,
ONSLT INVOLVEMEINTY LEVEIS

32
1.1 bl High cl Cerebral c2 Acute Triplegia
ouadriplegia Palsy and Hemiplegia
1.2 al Muscular b2 quadriplegia
Dystrophy
2,1 a2 Acute Malformation b3 High Thoracic
and/or Spinal Deformity Paraplegia
3.1 b4 Midthoracic b5 Polio-
Paraplegia myelitis
4.7 a3 Legg b6 Low Thoracic b7 Friedreiches c¢3 Multiple
Perthes Paraplegia Ataxia Sclerosis

5.1 a4 Rheumatoid b8 Lumbar Sacral b9 Spina
Arthritis Paraplegia Bifida

6.1 a5 Full Lower Extremity
Amputation, Malformation and/or Deformity

*see hieraxchy of task performance levels
corresponding performance ability and mobility
conditions

an



3.1

4.1

5.1

6.1

HIERARCHY OF NON-AMBULATORY MOBILITY CONDITIONS

W
o

Lying only

Lying and Sitting only, self-propulsion is unfunctional

Sitting and Transferring, partial functional self-
propulsion

Wheelchair, minimal to moderate self-propulsion

Wheelchair, full self-propulsion

Wheelchair, full independence
Unfunctional ambulation with supportive device and

brace usage

Semifunctional ambulation with supportive device
and brace usage



FORM OF PRESENTED INFORMATION

A great deal of personally intorpreted informational data
in the process of this study'’s investigation was collected,
organized and put to use. Specific concern as to what type
of data and how it would be needed and used developed. My
belief, in oxrganizing the data was that it had to con-
veniently guide and communicate in a logical manner with
those interested in the problem but without a clinical
background or a lot of time to find pertinent data. The
information provided had to be easy to pull out of context,
yet relate to the whole problem. Both detailed and general
characteristics, requirements and needs of the N.A. had to

be determined.

Thus, the preceding information is presented in a specific
form to answer the needs and intent of this study. The
datas form of presentation was developed with the belief
that there is a close interrelationship between kinds of
data and how data ultimately is and should be used. A
systematic left to right top to bottom approach of tying
the data together proceeded in collecting research data,
breaking down and using data for analysis and problem
solving, and testing or interacting data for problem solving
evaluation and usage, tc resolve the problems of one N.A.
group in a case study. A method of collecting, arranging

and breaking down informational data into sets and subsets,

3&



to determine their relationships and relevancy to the

problems of the N.A. is apart of what's to be presented.

Because of my theory, an attempt to correspond all N.A.
conditions to varying levels of biomechanic involvemncnt and
subsequent biologic deficiency is given, With the belief
that changes in design will vary with the amount of biologic
involvement and performance affected. Thus, the information
to be provided is a means of comparing in regards to biologic
performance,.deficient human organisms to nondeficient
performance and what's most important and essential to take

into account when deficiencies do occur,

The preceding will emphasize thét by understanding biologic
deficiency and its affects on the body, we can understand

the N.A. and their major'problems of performance.

As an overall (STRATEGY) in which to organize, group and
use information to support the development and design of
dynamic, artificial supportive aids for the N.A. is
presented with the desire of making design for the N.A.
more simple and saleable. The goal <f£ the following is to
Clearly identify and order pertinent data to develop
ipformationaL,criteria.for design. 8o that the information
presented can be used for the answers aren't there but the
strategy and. data as to why and how to design for the N.A.

I believe are,



ol
Ch

INFORMATION USAGE STRATEGY

PRRT ONE - Backqground Information

Background information on the N.A. handicapping conditions
is essential in order to familiarize prospective users to
and with whatever group of information correspcnding probles,
concerns they may be seeking, and wanting to use.
Familiarization is important as it helps orient users tc how
and what information is given while it provides them with
answers to questions of: who, what, when, how often and how
much (to what degree) the N.A. are psychobiologically
involved. This part can be used and as a basis to develop
general followup and referral background for specific
information.

Phase 1 Users of informaticn should be szble to quickly
comprehend N.A. groups and/or kinds biologic state and what
needs have to be taken into account. Defines what is
considered as nonanhulatory. Also defines and explains

usage of the key %o hierarchial levels of biologic deficiency.

Phase 2 There are four major ways in which users of system
on index will be introduced and/or approach the body of
information. Most are anticipated to be concerned about and
interested in learning more about specific kinds or groups
of K.A.'s conditions., Others will approach information with
concerns for M.A.'s, biomechanic¢, performance ability or
mobility condition remaining. And some will approach index
of information with concerns for the N.A.'s psychologic,
social or living condition needs and problems. Despite the
interests or concerns of the user of this index they will be
lead into the proper conditions with corresponding ievel
characteristics and perspectives on how and why.

.Phase 3 General information is provided to review the N,A.
groups thSLOloglc and psychology state. The kinds of N.A.
conditions which are common in character to one another,

Bach of the three N.A. condition groups, overall character-
istics are broken down into parts and performance affected.
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Emphasis is on the severity and nature of group as a whole.
It must be remembered that all characteristics will not be
found in each of the condition kinds of the group, or in any
one at one +time. How particular N.A. kinds, groups will
differ in biologic involvement and compare to kinds of N.A.
which are at a similar level of involvement is disclosed for
the user.

Phase 4 Information pertaining to the specific nature of the
N.A. condition kinds is given with regards to condition group
they belong and in order of severity. The common sex, onset
age, cause, condition nature, and current potentials of eac
kind of N.A. condition, are representative of the majority
and may differ in particular cases. Nonambulatory onset age
is a particularly important variable which I feel mus% be
defined and carefully taken into account when analyzing the
characteristics and needs of the N.A.

What is the N.A. onset age N.A. onset age, when referred to
in this study indicates that this is when the N.A. condition
reached a state or level of biologic deficiency, at which
functional ambulation becomes impossible. Of course, when
the N.A. onset occurs will depend upon the nature and cause
of the N.A. condition. For some the N.A. onset is at birth,
for other=z it's abrupt and for still others it becomes a
matter of time until the body's performance ability diminishes
to an unfunctional ambulation. The age or when the human
organism becomes functionally N.A. I believe is important
because of growth changes which occur due to man's develop-
ment cycle. When and at what age or stage in the human
organism's growth and development, the N.A. onset occurs
must be seriously taken into account. There are basically
three reasons; behavioral traits and attitudes will differ,
tissue and cellur demands of the body change with age

\ influencing the body's entire makeup and the N.A.'s potential




for restoration changes.

In using this information system it must be remembered that
the given factors are most representative of a young adult
21-28 year N.A. onset age, and need to be used as such,

| Although most characteristics given probably would not
change in character at different onset ages, their
influence at younge:r and older ages of onset possibly will.

PART TWO - Levels of N.A. Condition: Involvement,
Characteristics and Needs

Uéers of this part will be able to determine in detail,
exactly what biologic parte, performance and psychosocial
factors are affected, changed or unaffected at the various
levels of biologic deficiency. 1In a sense part two
provides the user of information system with two logical
and sequenced information orders. First the éontents are
arranged to correspond with the vertical hierarchial order
of deficiency conditions and variables. Secondly, within
each condition or level of biologic deficiency with its
psychobiologic characteristic factors breakdown there is a
sequential cause and affect factor rationale. After
reviewing the general nature of the N.A. condition kinds
and group characteristics this section shouid be utilized.
Phase 5 The general characteristics that result from
biologic deficiency at such a segmental level in the human
- organism are given. These characteristics are broken down

into their appropriate psychobiologic system and subsystem
categories so that it's clear what is and isn't deficient.
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The manner of and reasoning for the bregl:down will become
clearer as information system is used. However, such a
breakdown of information will increase the comparability
and meaningfulness of data and act as a base for continuous
referral.

Leads into a detailed understanding of the importance and
influence of each condition characteristic and how it
affects performance.

Phase 6 Complications resulting from the characteristic at
the varying condition and variable levels are given. The
complications are presented as secondary effects which often
accompany particular kinds and amounts of biolecgic dys-
functioning.

Performance inabilities that are attributable to the joint
affects of the amount and kinds of biologic deficiency and
its secondary affects are disclosed.

Characteristics of each condition involvement or variable
level are broken down into their overall azffect, or as
problems which result from the total of inabilities, com-
plications, and particularly characteristic factors.

Phase 7 Needs of condition levels are generated out of
their preceding characteristics, problems and cumulation of
resulting deficiencies, To make the needs easier to under-
stand and more beneficial for later requirement development,
they are arranged in their respective psychobiologic system
and subsystem categories. The needs are and can be
associated with what ability is missing or lacking at each
of the particular levels of biologic deficiency or condition
variable categories.

PART THREE - Advantageous rsychobiological Reguircements and
Beneficial Task Performance Range

fhis part of the strategy will provide an overview of how,
and what is both physiologically and psychosocially
advantageous for all N.A. Part Three will be indicating
what can, often is, and could be clinically attempted or
done to enhance the psychobiologic condition of any N.A.

handicap. The differences between what is psychobiologically
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advantageous and what is psychobiologically beneficial for
the varying N.A. condition levels, is emphasized. How
advantageous needs interrelate with the N.A. primary needs,
will be discussed. Indication is given as to how potentials,
and requirements'necessary to meet needs may change with

varying ages, sex, and onset periods of N.A. conditions.

Phase 8 N.A. requirements are determined, listed, and
categorized into what is physiologically advantageous with
regards to the type and amount of therapy, care and equipment
can aid the N.A. Psychosocially advantages are derived and
broken down primarily from occupational,  living, norm group,
and self-image needs. We need to add Phase 8 (advantageous
requirements or needs) with previous needs or requirements
which came out of Phase 7 to determine Phase 9 or the total
involvement level, user needs and requirements.

Phase 9 1In determining the total user needs, both
physiologic and psychologic constraints and precautions need
to be added and/or taken into account with the total needs.
These constraints are derived from clinical experiences and
from reanalyzing what condition factors and characteristics
are permanent.

Phase 10 The beneficial or desirable task performance
capacity, or range is now possible to determine. Psycho-
biologic task performance parameters and goals can be set
up for the particular condition level and/or kind of N.A.'s
we are concerned with. ‘

PART FQUR - Factors and Regquirements of Varying Task
Performance Ranges (Ability)

This part is primarily concerned with indicating how and
what performance. requirements vary depending upon the range
of level of performance normally when human organism acts.
Why task analysis applies to resolving the needs of the N.A.
handicap is discussed. Rationale for determining the N.A.
performance needs is given. How to select the ideal task

performance range for the N.A. is discussed.
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Phase 11 Fourteen task analysis are given for each of the
major gross motor activities which lead up to full human
locomotion. o

Phase 12 Factors, biologic demands and variables of
performance influence requirements to sustain tasks.

Phase indicates how requirements vary depending upon level
of performance range. What performance ability or biologic
functioning is essential to sustain task ranges. How we

are able to then correlate performance abilities to level of
condition involvement and desired task range.

Phase 13 Breaks down the particular, normal performance
ability down, into the same categories sets and subset of
requirements that are necessary to meet the varying task
Performance levels analyzed. The basis of what is believed
to make up and cause our dynamic structures perform the way
they do will be briefly reviewed and discussed as how it
applies to this study's objectives.

PART FIVE -~ Interact to Determine Condition Level (User)
And Task Range Requirements Differences

How to determine differences between desirable performance:
ranges and existing N.A. performance ability is reviewed,
with concern for difference between what biologic condition
exists and what is beneficial in order to perform at a
particular level. This part will indicate what criteria
differences have to be artificially substituted or rein-
forced in order to make up for biologic requirement
differences between task range required and existing N.A.
ability requirements. The variables which occur at the
Varying. levels of beneficial task performance range are
taken into account. #Brain storming” for difference

substitutes can take place.




Phase 14 Determines the requirement and ability dif-
ferences between beneficial task performance levels and
what performance ability it is. The requirement or ability
differences will tend to vary the greatest at the ends of
the hierarchial levels of biclogical deficiency. When the
N.A. organism is extremely deficient there are a great many
survival needs that have to be met. When the N.A. organism
is at a lower level of inwvolvement there is that many more
performance abilities that should be supported. The kinds
of requirements rather than the number or amount of require-
ments needed to ideally support N.A. conditions will change,
due to the proportional shifting of amount and kind of
requirements as task range performance abilities change or
increase and decrease.

Phase 15 Determine what requirements need to be met, to
interact on interface an artificial dynamic aid or support
system with the deficient organism. We need to interact
user needs with criteria that can substitute for difference
or physical system requirements.

*INCLUDED IN APPENDIX is a review of a case study which was
rexformed to test whether information system could actually
develop the kind of pertinent decision making criteria, for
design. A continuation of information strategy and how
this criteria is put to use will be briefly discussed at
this time.

PART SIX - Design Synthesis

Factors and requirements are to be reordered thru interaction.
This is where we need to put groups of analyzed information
to use. We must determine the problems and subproblems.

We need to determine and identify any conflicts which will
exist, the results of conflicts, response due to then,

causes of conflicts, and cuggest altermative ways to resolve

conflicts.
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PART SEVEN -~ Resolving Design Problems

We need to determine how alternatives must function and
what componentry this will call for. We need to determine
performance characteristics and how artificial componentry
should interact., Design proposals are to be made
developing new systems that use alternative function which

will resolve needs, without conflict.

PART EIGHT - Making Design Propcsals

This stage of the process is essential in order to three-
dimensional test, reappraise and begin evaluating parts and
the whole of the design proposals and their performance
characteristics. Need to test crucial component inter-
action ideas on normal individuals first. Then design
concept can be actually mocked up in full scale or In part.
The need to test for extreme ccnditions that any design
pProposal is likely or could encounter in actual use
situation. Measure normal individual's biochemical

responses to system when using.

PART NINE ~ Design Implementation

Building of prototype to do complete evaluation is necessary.
Field testing under actual user condition, with actual

users, N.A. would be necessary. Any componentry revisions
should be made at this time and then retested. Prototype

would have to be put thru the array of potential dangerous




situations in which it and its user may face in the
environments it is to be used in. A one to two~vear
evaluation period is necessary before allowing it on the

market.

NoS
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NON-AMBULATORY PHYSICALLY HANDICAPFFED GROUP (a)

MUSCULAR SKELETAL DEFICIENCIES AND/OR LOSS

CONDITION KINDS WITHIN GROUP

al
a2
a3
a4
as

Muscular dystrophy

Acute malformations and/or spinal cord deformities
Legg perthes

Rheumatoid arthritis

Full lower extremity, amgitation, malformation or
deformity

OVERALL GROUP CHARACTERISTICS

Basic body parts and areas affected:

Biomechanically, there is hard and/or soft tissue
deficiency, warpage or loss. Their muscle fiber, bones,
joints and/or ligaments are deficient and will be found
to degenerate. Often their wrists, elbows and/or small
joints will be involved. They are normally more severely
involved in the lower extremities, pelvic and low thorax
areas. The vertebral column is often thrown out of
balance, due to uneven, asymmetric involvement. Con-
trz.. .aring of tissue is a major problem.

Biochemically, the peripheral circulatory system is
minimally to moderately affected. Whereas, the respira-
tory mechanisms are minimally affected by the deficiencie..

Neurosensory, impulse patterns are interrupted. Feedback
is unorganized due to mass deficiency or warpage.

Pressure and thermal receptor feedback and response is
usually present but not functioning properly. Their
brain facilitation and awareness centers are not affected.

Basic performance affected:

Biomechanic, actions tend to be slow and stiff, while
they are often unable to maintain or provide any
muscular force. They are lacking or only have poor
ankle, hip joint, and pelvic-low trunk rotation and

extension- “lexion capability.

Biochemical, fatigue is quick, with many only able to
maintain short periods of activity. Respiratory and
metabolic endurances are low. Circulatory support
diminishes as does their oxygen and nutriment resexrves
will with time.
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Neurosenrtasry, is affected by partial paralysis sometimes.
The lack of voluntary control over affected body mass is
due to the masses physical inability to carry out the
neural command. Poor feedback response is also diminish-
ing voluntary body control. ©Neural receptor pathways
will often, degenerate to a minimal existence, often
becoming hypersensitive to abrupt stimuli.
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al OVERALL BACKGROUND ON
MUSCULAR DYSTROPHY

Common sex: Is usually found in as many males as
females

Non-ambulatory Is comnionly observed during either the

onset age: 4-12 grade school, primary development

period or the 13-20 adolescent, secondary
growth period

Common cause: Is thought to be a chronic noncontagious
disease, with hereditary links

Common condition Is slow and progressively degenerative,

nature: gquite predictable, and permanent. There
is a continuous effort to maintain
existing endurance

Current potential: Is at present possible with full attention
and care to maintain and sometimes stop
degenerative character, but extremely
difficult to regain lost capacity

a2 OVERALL BACKGROUND ON ACUTE
MALFORMATIONS AND SPINAL CORD DEFORMITIES

Common sex: Is usually found in as many males as
females

Non-ambulatory (Acute deficiency and warpage) is commonly

onset age: observed during or right after birth, or

the 0-3 preschool, survival mechanism
development period

Common cause: Is thought to be chronic, noncontagious
' and most often congenital with hereditary
links. They have been attributed at
times to artificial chemical inductions,
and faulty genes

Common condition .Is permanent, relatively unstable and yet

nature: predictable in condition change
Current Varies great deal, depending on the
potential: amount of care and therapeutic attention

been given to individual. It is possible
to replace missing mass and moderately
straighten out warped body structure

- .
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a3 OVERALL, BACKGROUND

ON LEGG PERTHES

Common sex:

Non-ambulatory
onset age:

Common cause:

Common condition
nature:

Current potential:

Is usually found in as many males as
females

Is commonly observed during the 0-3,
preschool, survival mechanisms develop-
ment period

Is often attributed to congenital
infection and/or physical disruption
(congenital trauma) '

Is slow and progressively degenerative,
permanent, unpredictable and hard to
maintain or prevent from worsening

Varies, although it requires extreme
amount of daily, physical activity and
care to maintain and restore some of its
deficiency

a4 OVERALL BACKGROUND ON
RHEUMATOID ARTHRITIS

Common sex:

Non-ambulatory
onset age:

Common cause:

Common condition
nature:

Current
potential:

with a permensnt disability.

Is usually found in as many males as
females

Is commonly observed during either the
29-45 middle ag3, growth halt and decline
period or 46-up, elderly growth-degenera-
tion and decline period

Is thought to be a aisease that has
herreditary links and/or attributed to
improper body nutrirent, balance

Is slow and progressively degenerative,
semipermanent and unpredictable or
unstable in daily severity

Varies, although it may become subdued

a bit in later life, it will leave victim
Basic con-
cern is on maintaining present state and
controlling daily increases in discomfort



a5 OVERALL BACKGROUND ON FULL LOWER EXTREMITY,
AMPUTATION, MALFORMATION OR DEFORMITY

Common sex:

Non-ambulatory
onset age:

Ccmmon cause:

Common condition
nature:

Is found in both, although most acute
amputees are males

Is common for acute amputations to occur
during the 13-20 adolescent, secondary
growth period or the 21-28 young adult,
final growth period

Is common for malformation or deformity
to occur during the 0-3, birth, preschool,
survival mechanism development period

(Acute amputations) are usually a result
of a traumatic accident, while the
malformation or deformity is a result of
hereditary, congenital malfunctioning

or infection

(Acute amputations) are permanent,

quite stable and predictable, while
malformations or deformity will be

semipermanent and more unstable



NON-AMBULATORY PHYSICALLY HANDICAPPED GROUP (b)

MUSCULAR CONTROI. LOSS OR DEFICIENCY

CONDITION KINDS WITHIN GROUP

bl
b2

b3

k4

High quadriplegic

Low quadriplegic

High thoracic, paraplegic
Midthoracic, paraplegic
Poliomyelitis

Low thoracic, paraplegic
Friedreiches ataxic
Lumbar sacral, paraplegic
Spina bifida

OVERALL GROUP CHARACTEFISTICS

Basic body parts and areas affected:

Biomechanically, the existing structure and muscle
linkage, force potential in the affected areas are
unusable. All hard and soft body tissue and fiber in
affected areas are indirectly influenced. The vertebral
column is dislocated and/or deficient in strength, as is
the pelvic girdle, hip joints, ankles, knees and often
the shoulder.

Biochemically, the internal organs are minimally affected
directly; and fully affected indirectly by the muscular
control loss. Their chest, abdominal, low back, anal

and vascular musculatures are all affected, and subse-
quently influencing their biochemical balance, in one
way or another. Their natural aging process is greatly
accelerated.

Neurosensory, peripheral neural pathways are fully
affected in the involved areas. 1In fact some partial
autonomic neural control is often affected. Their
spinal column and its major neural pathways and/or fluid
are disrupted. Their body mass position, direction and
pressure receptors and/or feedback, no longer receive

or can clearly reach the higher neural centers.

Basic body performance affected:
Biomechanic, is unable to balance or coordinate body

mass segments about their structural framework. They
are unable to voluntarily rotate, extend or flex body,

mass segments in affected areas, except for reilex

responses.
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Biochemical, is often unable to maintain an infection
free, internal or external state. A hypertensive
biochemical, thermal, metabolic, circulatory imbalance
or an extremely opposite hypotensive state will exist.
The respiratory and metabolic system are most severely
upset and the biggest cause of problems. Endurance is
extremely low. The natural means of waste removal is
usually abnormal.

Neurosensory, mechanisms still functioning are usually
distorted and lack discrimination and coordination.

The neural impulses from the high centers of voluntary
control are cut off from destination. Some high neural
center deficiency will sometimes accompany. Their
sexual potency is often lost.
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bl OVERALL BACKGROUND
HIGH QUADRIPLEGICS

Common sex:

Non-ambulatory
onset age:

Common cause:

Common condition
nature:

Current
potential:

iIs slightly more often found in females
than in males

Is most often found during the 13-20
adolescent, secondary growth period or
the 21-28, young adult, final growth period

Is most often a result of traumatic injury
to the midcervical (C4-C6) portion of the
spiral cord, sometimes due to infectious
disease

Is permanent, slow and progressively
degenerative, with survival very unstable
and unpredictable due to its extreme
severity level

Requires an extreme amount of daily effort,
aid and care just to maintain condition
and prevent further degeneratlon and
survival extinction

b2 OVERALL BACKGROUND ON
LOW QUADRIPLEGLA

Common sex:

Non-ambulatory
onset age:
Common cause:
Common condition

nature:

Current
potential:

Is more often found in males than females

Is most often found during the 13-20
adolescent, secondary growth period or
21-28, young adult, final growth period

Is a result of traumatic injury which
disrupts or blocks the low cervical
(C7-C8) portion of the spinal coxd,
sometimes due to infectious disease

Is permanent, slow and progressively
degenerative, and sometimes unpredictable
due to its severity level

Requires a great amount of daily care and
attention to maintain a relatively stable
state...and to minimize survival

_ threatening degeneration

00



b3 OVERALYL BACKGROUND ON
HIGH THORACIC PARAPLEGIA

Commaon sex:

Non-ambulatory

onset age:

Common cause:

Common condition
nature:

Current
potential:

Is more often found in males

Is most often found during the 13-20
adolescent, secondary growth period or
21-28, young adult, final growth period

Is most often a result cof a traumatic
injury that disrupts and/or blocks the
high thoracic (T1-74) portion of the
spinal cord

Is permanent, predictable in character,
yet unstable as well as degenerative, due
to the severity of trauma that usually: is
present with this degree of injury

Varies a great deal, depending how. severe
or shocking injury was at onset, yet
requires an extreme amount of attention
and care to maintain and/or partially
restore some lost performance ability

b4 OVERALL BACKGROUND ON
MIDTHORACIC PARAPLEGIA

Common sex:

Non-ambulatory
onset age:

Compion cause:

Common condition
nature:

Current
potential:

Is more often found in males than females

Is most often found during the 13-20
adolescent,;  secondary growth period

Is most often a result of a traumatic
injury that tears, disrupts and/or blocks
the thoracic portion of the spinal column
somewhere between the (T5-T8) segments

of the spinal cord

Is permanent, quite predictable in
character ‘yet unstable enough that it
still requires a moderate amount of daily
attention and prevention

Varies, although most are found with an
acceptable level of self-care independence
and a chance of some outdoor freedom



b5 OVERALL BACKGROUND ON

POLIOMYELITIS

Common sexX:

Non~ambulatory
onset age:

Common cause:

Common condition
nature:

Current
potential:

Has been found to strike as many males
as females

Is seemingly found at any age, although
more common during the 4-12 grade school,
primary development period or 13-20
adolescent, secondary growth period

Is found to be primarily a virus disease
affecting the anterior nerve cells of the
spinal cord or a disease of the central
nervous system with the muscles being
indirectly affected

Is semipermanent, quite stable or static
and its paralysis severity is primarily
based upon how many motorneurones are
destroyed at the onset

Varies, although it usually does not have
the inhibiting or complicative problems
that others in its group have and has the
greatest chance of developing in theory,
new neuro pathways to the muscles which
have been cut off and isolated from their
neural impulses

o
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b6 OVERALL BACKGROUND ON
LOW THCRACIC PARAPLEGIA

Common sex:

Non-ambulatory
onset age:

CommoOn cause:

Common condition

nature:

Current
potential:

Is usually found more often in males
than females

Is most often found during the 13-20
arade school primary development period
and/or 21-28 young adult, final growth
period

Is most often a result of a traumatic
injury of experience which disrupts

tears or blocks the spinal coxd somewhere
between T9-T1lZ2 segments

Is permanent, predictable in character
and moderately stable, with regards to
complications

Requires a moderate amount of daily
personal attention, and is possible to
maintain and enhance condition status
with a moderate amount of daily effort

)
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b7 OVERALL BACKGROUND ON
FRIEDREICHES ATAXIA

Common sex:

Non-ambulatoxy
onset age:

Common cause:

Common condition
nature:

Current
potential:

Does not seem to strike either of the
sexes more often

Is usually observed somewhere during the
4~12 grade school, primary development
period and/or 13-20 adolescent, secondaly
growth period

Is thought to be an inherited disease,
which first attacks the lumbar-sacral
dorsal portions of the spinal cord

Is permanent, slow, progressively
degenerates to a confined lying mobility
state in l-ter stages.

The potential of just stopping degenera-
tion or maintaining a stable condition
is very difficult

b8 OVERALL BACKGROUND ON
LUMBAR-SACRAL PARAPLEGIA

Common sexX:

Non-ambulatory
onset age:

Common cause:

Common condition

nature:

Current
potential:

Is a small tendency of it being
developed more often by males than females

Is seemingly more often during the 13-20,
adolescent, secondary growth period

Is most often a result of a traumatic
accident or experience which inijures,
tears or blocks their spinal cord's
neural tail somewhere between the first
lumbar and the fourth sacral vertebrae

Is permanent, very stable, and
predictable in character

Seems to have the biologic and self-care
potential to be independent outdoors, if
provided with the Proper mobility aids
it is ideally unlimited
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b9 OVERALL BACKGROUND ON
SPINA BIFIDA (HYDROCEPHALUS)

Common sex:

Non-ambulatory
onset age:

Common cause:

Common condition
nature:

Current
potential:

Is no obvious prevalency of sex

Is usually observed during the 0-3
preschool survival mechanisms,
development period

Is thought to be a congenital disease
of the central nervous system with
hereditary links (faulty genes) that
causes a malformation of the dorsal
vertebrae, which in turn disrupts the
spinal cord, and its fluid flow to the
brain

Varies a great deal with three major
variations. It is permanent, quite
predictable in character although not
normally degenerative, it is unstable
at times

Is possible for them with effort to
maintain a moderate degree of self-care
independence and to control their
condition variables



i T vy

151}
NS

NON-AMBULATORY PHYSICALLY HANDICAPPED GROUP (C)
NEURAL CONTROL, HIGHER  BRAIN TRACT
DYSFUNCTIONING

CONDITION KINDS WITHIN GROUP

€l Cerebral palsy
c2 Acute hemiplegia and triplegia
c3 Multiple sclerosis

OVERALL GROUP CHARACTER
Basic body parts and areas affected:

Biomechanically, there are varying degrees of head and
neck balance remaining. Usually they multiply, yet
unevenely or asymmetrically affected. Their trunk and
lower extremities are fully involved. The entire body
and in particular their ankles are extremely weak. There
will be both hard and soft tissue, fiber degeneration,
with uncontrolled muscle tone. Spinal cord nerve
disxuption will occur.

Biochemically, their intestinal tract is usually upset
as is their entire autonomic control of internal organ
activity. They have poor peripheral circulation power,
The hypothalamic and metabolic heat rates are disturbed
as well as the bowel and bladder waste removal functions.
Voluntary bowel and bladder control is lost.

Neurosensory, high centers of their brain, that control
and initiate movement are malfunctioning due to varying
areas of cell damage, within the cerebrum and motor
cortex. Their heads sensory mechanisms for localization
and orientation are dysfunctioning. The sensory tonic
neck reflexs are disturbed and uncoordinated. Skin
sensitivity is lost. The neural impulses controlling
speech are partially blocked.

Basic performance affected:

Biomechanic, is no longer able to extend, stretch and/or
rotate limbs and body outward. Fine body segment
coordination of movement (motor skill) patterning is
nearly impossible, They lack muscle control or
coordination and become clumsy, awkward, and without
aglllty. Any simultaneous joint action is disturbed.
There is a great deal of extraneous movement in their
faces and limbs. Their upper extremities usually maintain

L)
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the greatest productive potentigile their head and
shoulders can be controlled.

Biochemical, endurance is low. All voluntary organ
functioning is affected. They are weak and easy to
fatigue. Both metabolic and respiratory mechanisms
functioning, are under strain and pressure from being
overworked and the asymmetrical disruption.

Neurosensory, is unable to correspond or integrate
properly to environmental stimulus. The concentration
and awareness level is low, They have poorly timed
body movement, and find it difficult to maintain a
relaxed position, particularly since they are hyper-
sensitive to any abrupt stimuli. Their sexual potency
is lost. Visual coordination is poor as well as their
intellectucal and emotional capacities.



cl OVERALL BACKGROUND ON

CEREBRAL PALSY
Common gexs:

Non-ambulatory
onset age:

Common cause:

Cormon condition
nature:

Current
potential:

Is usually found in as many males as
females

Is commonly obhserved after birth or
during the 0-3 preschool, survival
mechanism development period

Is usually attributed to congenital
brain damage, malformation or trauma
right after birth

Is incurable, permanent, slow and pro-
gressively degenerative and very
unpredictable with varying intensity
levels

Varies on location of brain damage,

although with proper daily care and

precautioning they can maintain and

possibly restore some of their gross
incapacities

o
[TaeN

(o
(&)



c2 OVERALL BACKGROUND ON
ACUTE HEMIPLEGIA

Commen sex: May be found slightly more often in
females than maless

Non-ambulatory Varies depending on exact cause, but

onset ago: usually will be observed during the

0-3 preschool, survival mechanism
development period, and incurred during
the 13-20 adolescent, secondary growth
developnment or 21-28 young adult final
growth period

Common cause: Is usually attributed to Lirain cell
injury which can be congenitally caused
or be the result of a traumatic injury

Common condition When severe, the paralysis is quite

nature: permanent throughout one-half of the
body:; mental damage as weil as
facilitation damage make it unpredictable,
yet quite stable with regards to compli-

cations’
Current Varies depending on extent of brain
potential: damage, but there is the potential with

the proper care and exercise to maintain
an infection firee state and enhance
their performance capacity




c3 OVERALL BACKGROUND ON
MULTIPLE SCLEROSIS

Common Sex:

Non~-ambulatory
onset age:

Common cause:

Common condition
nature:

Current
potential:

Although not exclusively, it is usually
found most often in females

Is commonly obsexved during the 21-28
young adult, final growth period, or
29~45 middle age, middle-age growth
halt period

Is usually thought of as a degenerative
familial disease, of the central nervous
system that's related to tuberculosis

Is incurable, permanent, slow, and
progressively degenerative, and very
unstable, recurring unevenly in varying
intensities

varies on amount of spinal nerve fiber
disruption but is very difficult to
just maintain or control infection and
contracturing from extinguishing their
survival

*SEE THE NON-AMBULATORY IMVOLVEMENT KEY (SCAILF®) FOR
PARTICULAR HANDICAP KINDS, UNIQUE CHARACTER AND SPECIFIC
NEEDS, WITH REGARDS TO LEVEL WHICH THEY ARE COMMONLY FOUND
WHEN THEY CAN NO LONGER AMBULATE IN A FUNCTIONAL WAY AND
BECOME NON-AMBULATORY

6o
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1.1
GENERAL CHZRACTERISTICS
RESULTING FROM HIGH CERVICAL AREA BIOLOGIC DEFICIENCY

Biomechanic parts and performance that are commonly
affected:

.Have limited head movement

.Have limited neck-head movzment

.Slumping head-neck

.Have very limited physical strength (weak)

.Jave little or no functional arm use

.High shoulder usage does not exist

.Little to no shoulder girdle lowering or raising

Neuromuscular parts and pertcrmance that are commonly
affected:

.Often are found in a flaccid state (lLimp and clumsy)
.Sexual functioning and capacity is fully lost

.Nearly all of their voluntary control of body is lost
.Uncontrolled performance ability

.Uncontrolled trunk movement

Sensory parts and performance that are commonly affected:

.Partial to moderate neural mental disturbance may occur

.Moderate to full loss of sensory discrimination
(feeling, touch)

.Autonomic nexvous system is disrupted

.Sympathetic neural activity and influence is diminished

.Usually involvement is most severe because of neural
control loss

.Have little to no eye-ear coordination

Have little to. no eye-trunk (body) coordination

.Motor skill is uncoordinated

Biochemical parts and performance that are commonly
affected:
.No vital respiratory capacity

.Very weak capillary activity
.May have poor red blood cell count
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Psychosocial behavior and attitude that are commonly
affected: '

.Have no occupational potentials or hope
.Have minimal communicative ability
.Have extremely poor perception of surrounds

.Remain or become very immature and childish
.Extremely unpredictable and erratic behavior

ééiPLICATIONS OFTEN RESULTING FROM CHARACTERISTICS
.Disrupted gravitational orientation mechanisms
.Disrupted visual orientation mechanisms

.Poor orientation or spacial overlapping and matching
.Directionality of eye~head and eye-body is awkward
.Squirmy appearance

.Depth perception, visual acuity and binocular convergence
are distorted

.Contracturing or tightening of head, shoulder, and neck
. movement

<Overall 1 wme density, skeletal framework warpage

.Vascular tone is disrupted

l.1
INABILITIES ATTRIBUTED TO AFFECTS OF CONDITION AND
COMPLIC2TIONS

.Unable to rotate head horizontally thru 45 degrees of
motion or vertically thru 30 degrees of motion

.Unable to properly control head movements in extension,
flexion or rotation

.Unable to perceive sensory stimuli properly

.Unable to learn properly (Take in information), or
understand others trying to communicate



1.1 (Continued)

.Little tc no communicative ability thru speech
.Unable to transfer body weight anywhere, by themselves

.Unable to maintain a secure or stable cervical vertical
axis (vertebral column)

.Unable to use wrists or hands functionally
.Unable to move in a smocth manner

.Unable to produce or maintain any resistive activity
and force for any limited duration

1.1

OVERALL PROBLEMS RESULTING FROM CONDITIONM
+Have limited visual frames ¢f reference
.Unstable retinal patterns and visual input
.Can't perform eye-hand manipulations

.Even minimal self-care tasks are impossible

.Can't reach any secure vertically erect balance, without
falling and collapse

.Fear of falling or loss of balance looms in nearly all
propped positions

.One or more threats on survival continually loom in reality
.Can't meaningfully concentrate on anything

.Have little or no meaningful awareness of surrounds or of
their body and mind's activity

.Dependent for all self-care
Must rely on full-time assistance for their entire life =pan
.Confined to mostly lying during entire life span

 .No endurance or fatigue power

.Slight competitive feelings or activity with others

, quickly becomes frustrating and depressive

IC

IToxt Provided by ERI

7]



[
7y

l.1
OVERALL NEEDS RESULTING FROM BIOLOGIC DEFICIENCY
AT THIS CONDITION LEVEL ’

Biomechanic need is for:

.Stabilized head and neck movement

.Structurally ccordinate head and neck movement
.Independently shift from lying to sitting positions
.Independently regain basic movement abilities of
rolling and crawling

.Suppoxrt, guide, and power shoulder-head movements
.Keep shoulder and neck muscles from tightening or
deforming

.Increase amount of physical strength as much as possible
.Proper postural support of head and necks
.Restoration of basic arm-hand usage

.Support axms, hands and shoulder girdle

Neuromuscular need is for:

+.Ability to maintain a restful body tonus
.Ability to think clearly on one's own
.Replace the missing sensory tonic reflex action, ability

Sensory need is for:

.Coordinate visual orientation with gravitational
mechanism

.Communicate and properly receive information stimuli
(particularly auditory and visual)

.High amount of wvisual contrast in visual surrounds

.Strong vertical and horizontal cues in near space

Biochemical need is for:
.An increased amount of oxygen in their blood
.Minimal biologic endurance to sustain short periods
of physical activity
.Protection from minor thermal changes

.Increased circulatory support
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1.1 (Continued)

Psychosocial, behavioral or attitudinal need is for:

.Minimal ability to meet very basic self-care requirements
for eating and grooming

.Have basic movement capability to manuever within homes
freely in some manner or form

.To perform minimal sedentary occupational task

.To perform with daily consistency

.To cope with drastic body image change




bl
High quadriplegics, with a third cervical,

spinal cord segment injury or blockage are
unique because voluntary body control is
near to fully lost. There is usually only
very partial shoulder elevation, deltoid
strength, with minimal or weak neck rotation
and stabilization ability. There is zero
hand or wrist functioning. Their internal
organs are completely dependent upon refle:xx
autonomic control, with the parasympathetic
division being cut off from the higher
centers of control and subsequently dominant.

*See condition variables: b,c,d,g, and £.

bl,2
Unique character of high quadriplegics that

are of a fourth cervical spinal cord segment,
injury oi blockage. The parasympathetic
division of the autonomic nervous system
-usually is dominant, There is some added
shoulder muscle capacity that allows some
external and internal arm rotation and
stabilization. They will have partial to
moderate bicep strength and thus moderate

elbow flexion. Some may have weak wrist
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extension action, hand closure ability and
are users of exotic hand bracing. Some are
able to roll over in bed and with the right
equipment transfer from the bed. Because
of elbow flexion, they are minimally able
to self-propel specially devised wheelchairs
but in an unfunctional manner.
c.l
A unique character of cerebral palsy, non-ambulatorys can
be centered about their extraneous body and sensory behavior.
Their sensory discrimination is very poor. Most are unable
to bilaterally integrate limb movements thru their midline,
along with poor body segment positioning sense. They are
continually losing their balance. The lack of sensory tonic
neck reflex control and poor visual orientation are major
contributing factors. %he visual resolution of two and
three dimensional space is bad, while approximately fifteen
to twenty-five percent have hearing problems. Over fifty

percent will often be found crosseyed.

They are hypersensitive to nearly any stimuli, particularly
noise, bright sunlight and any sudden movement about them,
any of which can push them into a startle reflex. Many
cerebral palsy victims are found to be left-handed with a
unilateral arm deformity, a low pain threshold and slumping

shoulders and head.
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They all tend to have a specific need for colorfully con-
trasting equipment aids and/or surrounds (particularly

blue and green) (Bayes K.) They need resistive exercise

on facial, chest,”ﬁbdominal musculatures to aid them in
their speakingy. Slow, uninhibited, relaxing gross body
movements are to be stimulated. Lying or putting them on
their backs is not recommended becauvse it tends to tense
them up and rigidizes their legs. There are five variations
oxr types of cerebral palsy that are common, with the spastic
and anthetcid types being most frequent in number.

cl.l
Uniqueness of spastic type cerebral palsy is in its severity

of hypertonic reflex muscular activity. Spastics are unable
to time or balance muscular actions or reflex, due to direct
motor cortex, neural tract disruption. They are unable to
control the reflex contractions which occur. Their dis-
crimination of space and of themselves is completely
distorted.

cl.2
Uniqueness of anthetoid type of cerebral palsy is in its

squirmy movement behavior. They are plagued with a
continuous uncontrollable, involuntary movement, Their
‘major need is to relax the hyperspastic musculature.

cl.3
Uniqueness of the ataxic type of cerebral palsy is in

their extremely low muscular tension. They are plagued with

continuous uncontrolled floppiness or wobbling movement
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behavior.

cl.4
Uniqueness of the tremcr type of cerebral palsy is

characterized by a continuous shivering, or oscillation
of the body mass. Tremor is common in older or adult
cerebral palsies.

cl.5
Uniqueness of the rigidity type of cerebral palsy is that

their musculature is stiff, but not tense. Their joints
are usually locked in midrange.

c2
Unique characteristics of acute hemiplegia and of triplegia

is that both result in a great deal of asymmetric imbalance.
The acute hemiplegic is paralyzed, ccapletely thru one full
half or side of his body, while the triplegic thru all but
one of his arms. 3In both their facial muscles, visual
localization and hearing are severely disturbed. Both move
very.slowly and tend to always favor the unaffected body
segments by supporting the deficient with the unaffected,
The triélegics will have more mental damage than the
hemiplegics, and are more involved with less of a chance

of any recovery.
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1.2
GENERAL CHARACTERISTICS RESULTING
FROM LOW CERVICAL AREA BIOLOGIC DEFICIENCY

Biomechanic parts and performance that are commonly
affected:

.Have weak neck strength

.Impossible to use arms functionally

Weak biceps

.Can minimally raise and lower shculder girdle

.Hazve no trunk stability, or suspension in vertical plane
.Intercostal (chest) musculature is fully affected

.Have only minimal to no functional voluntary ability to
Pexrform

.Have littlzs to no physical power

.Have very minimal trunk rotation ability

Neuromuscular parts and performance that are commonly
affected;

.Have poor control.of head

.Often found with ‘a semiflaccid or rigid muscular tonus
.Minimal head-shoulder coordination

.No shoulder-trunk coordination

.No reciprocal balancing of body mass is causing a

dead weight feel

Sensory parts and performance that are commonly affected:

.Autonomic nervous system is disrupted

.Involuntary control loss

.No to little eye~trunk and body awareness

Moderate tc full loss of sensory discrimination
.Sympathetic neural influence is partially diminished

Biochemical parts and performance that are commonly
affected:

+-Have zero to no vital capacity or only approximately
20% normal capacity

.Have only diaphragmic respiration

.Little or no respiratory reserve (minimal residual
capacity)

.Have a great deal of trouble just breathing

.Have changed and abnormal breathing and coughing patterns
.Can't sneeze or functionally cough

.Have a minimal expiration ability

.Respiratory abnormalities tend vo cause a postural
twist to the preferred side of the body



1.2 (Continued)
.Electrolyte and homeostatic balances are fully disrupted

.Have a great lack of functional blood reserves
.Have a great deal of blood pooling
.Have an extreme potential of fainting

.Unable to adequately sweat, shiver, or change blood flow
to control hody temperature
.Chill extremely easy

.Full evacuation assistance is usually required

Psychosocial behavior and attitude that are commonly
affected:

.Unable to develop or sustain any motivation from within
+Have only minimal mental stability

.Don't ever really adjust to their handicap

.Don't usually have any occupational potentials

+Unable to communicate clearly or easily with others
.Are socially alienated and can't integrate with others
.Have erratic and unpredictable behavioral pattern
.Have a distorted mental awareness

.Live in a seemingly confused state of mind

.Great deal of social and emotional insecurity

.Must relearn nearly all activities of daily living
.Have a great deal of orthotic equipment about themn,
particularly exotic hand splinting

.May only slightly adjust to handicap thru time

.Have a great subconscious fear of surviving

Attitudes of anxiety, fear and depression are strong




1.2
COMPLICATIONS OFTEN RESULTING FROM CHARACTERISTICS
.Postural trunk warpage due o bilateral balance disturbance

.Uncontrolled and/or uneven muscular pull on or thru the
trunk

.Too much lyirg around

.No eneirgy resexrves or physical endurance

.Needs all available strength just to maintain breathing
.Awareness of body part locations is completely distorted
.Accumulation of fluids in the lungs

.Unstable heart rate (slower)

.Vascular dilation

+Increased blood pressure due to severe pulmonary
complications

.Lungs decrease in their ability to expand
.Breathe a great deal thru their mouths

Have dry innexr mouths

.Have abnormal breathing, rhythm sounds
.Shoulder girdle musculature quickiy tightens up

.In a continuous state of mental and physical fluctuation

1.2

INABILITIES ATTRIBUTED TO AFFECTS OF CONDITION AND
COMPLICATIONS

.Unable to perform manipulative tasks

.Unable to use arms in any functional manner

«Unable to sit up on their own in an erect posture oxr
transfer body mass

«
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1.2 (Continued)
.Unable to shift body position practically at all

.Unable to rotate shoulders thru a minimum of 8-10 dzsgrees
in the horizontal plane

.Unable to control trunk in a sitting position

.Unable to control or move shoulders thru even a minimal
range of:

Extension.....48°

FleXioNeeeoe..176°

Adduction.....39°

Abduction....l1l5°

Lateral rot...l9°

Medial rot....75°

.Unable to maintain or develop any kind of respiratory
reserve

.Unable to 1lift trunk up well and often not at all

(]5\.7%.RALL PROBLEMS RESULTING FROM CONDITION

.Shoulder and neck muscles become very strained and sore
.Self-care remains very difficult if not impossible
.Require full-time assistauce

.Unable to rotate thru their vertical égis at all

.Very unstable vertical axis, tension, or balance

.Can't 1ift or move body weight

.Occupational potentials still are not practical and
remain nearly nonexistent

.Can't support arms properly

«Skin breakdowns occuvr frequently about upper neck and
trunk increasing respiratory distress

.Rapid musculature tightening
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1.2 {Continued)

.Postural positioning greatly influences their remaining
respiratory ability

.Improper postural positioning causes respiratory
hysteria (Gasping, etc.)

.Usually unable to functionally self-propel themselves
in a wheelchair

.Unable to roll over or come to sitting posture

1.2
OVERALL NEEDS RESULTING FROM BIOLOGIC DEFICIENCY AT THIS
CONDITION LEVEL

Biomechanic need is for:

«Maintain and reinforce moderate arm and hand functioning
.Full grasp and extension functioning of hands

«Keep all musculature loose and from tightening

.To extern2lly rotate and elevate shoulder girdle
.Lift and support rib cage’ or thorax cavity

.To vertically suspend vertebral column and shoulder
girdle (full trunk support)

.To minimally sustain resistive physical actions
.Ability to moderately range all involved musculature
.Independently move from lying-sitting, and sitting-
standing

Neuromuscular need is for:
.Stabilize, coordinate and guide shoulder-arm movements
thru gross patterns of action

.To support and guide arm, hand and shoulders with
eye-hand desires

Sensory need is for:

.To replace missing gross control and feedback signals
from shoulder joint

.To replace missing feedback as to hand's action and
position

8a



=

7

1.2 (Continued)

Biochemical need is for:

.To relieve any respiratory musculature tightening
.Guard against respiratory infections

-Use corset when sitting to increase diaphragms
affect on inhaling and exhaling

-Decrease overall oxygen requirements of body by
taking vitamin "E" supplements

.Increase endurance and fatigue power thresholds
.Use full chest and diaphragmic, respiratory support
(abdominal support spring)
.Full circulatory support
.To be in a fully controlled environment with narrow
thermal and humidity variance range
.For thermal support and balance aid
Psychosocial need is for:
.Short-range indocr locomotor independence
.To use public transit or have full access tc private
transit
+Protect and nct disturb usage of orthotic aids and/ox
splints
.Minimal self-care arm-hand usage (grooming and eating)

-Relax and be comfortable while maintaining personal
poise

al
Uniqueness of muscular dystrophy is that muscle fiber is

progressively replaced by fat tissue, causing a diminishing
lack of voluntary body control. The disease moves in time
from the proximal trunk body mass areas, distally outward,
to the muscles of the extremities and face. They will be
strong looking but extremely weak, slow moving, and clumsy.
Uneven paralysis and multiple deformity due to contractur-
ing tissue will both plague victims. Thru time victims
often become bedridden for they are extremely vulnerable to
preumonia and have a very low threshold to pain. Aacute

inferiority complex problems are a resultant.

Ko
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b2
the unigue character of quadriplegics with

a fifth or sixth cervical seqguent, spinal
cord injury or plockage is that,

fracturing of the vertebral column most
frequently occurs becausé of the high
degree of natural flexibility in this part
of the.nedk or vertebral colurmn. Also
there is no longer much jnterruption of the
parasympathetic division of the autonomic
nervous systenr, but now the sympathetic
division. The sympathetic division 1is most
often ext amely more dominant than normal.
They Will often have partial to moderate
power of grasp and release due tO some
functioniag of long finger flexors and
extensors. Quadriplegics will have
moderate shouldexr strength, strong hiceps.,
and elbows that can now moderately
stabilize in extension. Arm pushing
strength is weak or lacking, put yet many
manage to minimally transfer between

seating positions.

B4
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1.3
GENERAL CHARACTERISTICS RESULTING
FROM LOWZR UPPER EXTREMITY AREA BIOLOGIC DEFICIENCY

Biomechanic parts and performance that are common affected:

.Unable to use arms and hands functionally, or in a
beneficial way

.Has limited shoulder strength and upper arm usage
.Erect sitting, is still moderately insecure

.No or very little hand or forearm power or strength
.Zero to partial trurk suspension

Neuromuscular parts and performance that are commonly
affected:
.Have no feeling, sensitivity or kinesthetic awareness
in area
Sensory parts and performance that arc commcnly affected:
.Little or no voluntzry or involuntary muscular action
.Improper feedback as to where hands are
Biochemical parts and performance that are commonly
affected:
.Distal thermal control in arms and hands
.Distal circulation
.Tissue atrophy
Psychosocial behavior and attitude that are commonly
affected:
-3elf-care
.Dependency on others
.Frustrations due to clumsiness
.Depression due to inability to manipulate in a

productive manner
.Helplessness feeling due to inapility to use hands
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1.3
‘ COMPLICATIONS OFTEN RESULTING FROM CHARACTERISTICS

.Slow down or atrophy of upper extremity growth will
often occur

.Hard tissue atrophy and/or warpage

.Muscle fiber atrophy, in lower arm

.Rigidness of joints

.Turning in of limb segments (internal rotation)

.Brittleness of bones causing easy fracturing

1'3
INABILITIES ATTRIBUTED TO AFFECTS OF CONDITION AND
COMPLICATIONS

o.Has little or no pulling or pushing strength in their arms

( .Can't maintain or move independently into a sitting
position or posture

.Can't lift body mass
.Extremely difficulc to roll over by themselves
.Have minimal arm stabilization ability

.Can't move or control thru a minimal range:
Extension of wrist......30°
Flexion of wrist..ec.....70°
Wrist abductione.ececc...18°
Wrist adductionN.e........40°

Forearm supination

{inward rotation).......921°
Forearm pronation

{outward rotation}......50°

(Barter & Dempster)

[
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é&éRALL PROBLEMS RESULTING FROM CONDITION

.Full-time assistance and aid is required most often
.Unable to provide self-care for themselves

.Have minimum to no independent capabilities

Lying about a dgreat deal

.Lack motivation to do anything

.Unable to perform any manipulative occupational tasks
with precision

.Abrupt tension or twisting in upper trunk can rupture
vertebral column

.Very depressive anxiety exists
.Lack upper trunk perfcrmance

.Adjacent shoulder-neck musculature often become
unusable because of complacency

.Reguire exotic forearm and hand bracing just to have
grasp or pinching capability

1.3
OVERALL NEEDS, RESULTING FROM BIOLOGIC DEFICIENCY
AT THIS CONDITION LEVEL

Biomechanic neced is for:

.Prevent or eliminate any shoulder or arm deformity
.Main’.ain or increase adjacent musculature streangth
.Maintain minimally, full shoulder range of motion
.Make hands moderately usable

.Arm and shoulder reinforcement support

.Protect arm from external impact

.Minimally replace missing hand forearm functioning
of extension and grasp

oo
&)
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1.3 {(Continued)

Neuromuscular need is for:

-Fully reinforce arm-shoulder coordination and guidance
.Cucrdinate hand-forearm movements with existing upper
arm and shoulder movements

Sensory need is for:

Feadback as to where the hands are in relation to the
arm and trunk

Biochemical need is for:

.Increased circulatory strangth and flow

.Increased tissue protection (hard and soft)

Psychosocial need is for:

.Support and guide basic arm movements for full
self-care

.Decrease their helplessness feeling (tcnes)



*See appendix and case study (CS1l) to find out how this
amount of N.A. biologic deficiency can be artificially
supported




2.1
GENERAL CHARACTERISTICS
RESULTING FROM HIGH THORAX AREA BIOLOGIC DEFICIENCY

Biomechanic parts and performance that are commonly
affected:

.Chest musculature is moderately to fully involved
.High back musculature is fully involved
.Intercostal nmuscles between rils are full to moderately
involved

.HBave full shoulder strength

HHave minimal trunk vertical stability

.Have fair to moderate use of hands and arms
.Grasp strength is fair to moderate

.Have full flexion arm strength

.Moderate arm extension

.Can roll over independently by themselves
.Contracturing of their limbs is common

Neuromuscular parts and performance that are commonly
affected:

.Sexual functioning and capacity is often lost
Nearly all of their trunk and lower extremities
voluntary control is lost

.Uncontrolled performance ability

.Often found in a spastic or hypertensive state

Sensory parts and performance that are commonly affected:

.Sympathetic neural activity is increased greatly
.Autononic neuxal system is disrupted

.No head-shoulder to trunk coordination

.Joderate to full sensory discrimination loss below
high chest

Biochemical parts and performance that are commonly affected:

.Have a moderate degree of breathing difficulty
.Injuries and/or stress about the soft tissue of the
neck often occur and increase respiratory distress and
further decrease respiratory capacity

.Learn how to breathe thru their mouths (frog breathe)
.Easily choke by putting something in their mouths
«Irregulary breathing rates, usually faster and shorter
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2.1 (continued)

.Maintain a slightly lower than normal body temperature
.Stringently hold a 34~35° C. (basal limit) body
temperature

.Have a great® deal of genitourinary infection and
disturbance

.Have a great deal of urinary and bowel tract
disruption

.Unable to control evacuation of body wastes

Psychosocial behavior and attitude that are commonly
affected:

.Have moderate to only partial self-care dependency
(bathrcom)

.Often use a powered wheelchair

.Acute isolationism develops

.Great deal of family conflict cften occurs

.May develop a hatred attitude toward normals and/or
outside world

.Mentality is often psychologically disturbed

.Are often found extremely moody and/or belligerent

.Socially are isolated and limited to close friends
contact if any at all

.Have great deal of subconscious anxiety and fear

+Extremely afraid of being in emergency situations
(fire particularly)

.Vegetative attitude develops

.It seems that behaviors rarely become normal if there
is autonomic nervous system disruption

.Permanent and/or semipermanent autonomic nervous
system disruptions will tend to cause an accompanying
attitude change which also remains permanent (never
adjust to handicap)

92



2.1
COMPLICATIONS OFTEN RESULTING FROM CHARACTERISTICS

FanhN

.Little or no real good control over internal circulation
.Visceral functioning is disrupted and out of balance .
.Metabolic rate is hyperactive

.0Often show signs of autonomic hyper reflexia

.Great deal of extraneous movement that is uncontrolled
occurs C

.Accident rate increases due to uncontrollable muscular
state and/or precarious stability

.Can't properly clear throats

}Hyperactive gastrointestinal activity

( . g;%ﬁg;?gugMIBMD TO AFFECTS OF CONDITION AND
.Have partial wheelchair independence
+Low to moderate endurance rate
.Minimal respiratory reserve power
.Minimal ability to lift trunk and body mass
.Minimum sitting tolerance
+Partial to moderate body transfer ability

.Moderate self~care ir .ependence
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2.1
OVERALL PROBLEMS RESULTING FRONM CONDITION

.Requires most of extra residual respiratory reserve
gained to meet normal existence

.Primarily is wheelchair bound, extremely unfunctional
brace usage

.Uncontrollable reflex extension and flexion of limbs
.Disruption of poised »r comfortable resting positions
«Become nerwvous

.Strain musculature in upper trunk

.Auditory and visual communications and stimulation may
become unclear.

2.1
OVERALL NEEDS RESULTING FROM BIOLOGIC DEFICIENCY
AT THIS CONDITION LEVEL

Biomechanic¢ need is for:

«Increc3e arm strength as much as possible

«Transfer strength from upper arms to weak trunk areas,
if possible

.Provided with full trunk stability and support

.To have limited ambulation or locomotor capability
Whole body physical activity capacity (swimming
particularly)

.Stretch, push, and extend body segments outward
.Extension body activities

.vst move legs

Neuromuscular need is for:

.Full gross body movement capability

.Moderate rhythmic movement capacities rather than
patterned movement

.Full trunk balance

.T¢c control and/or eliminate symptoms of hype. reflexia



2.1 {(continued)
Sensory need is for:

.Maintain a restful neural state

.Mental and phycical quiet

Minimally replace missing lower extremity and trunk
position feedback

.Control neural disruption in autonomic system

Biochemical need is for:

.Keep body at a basal metabolic rate and thermal
temperature to minimize oxygen demands on respiratory
system

.Provide full respiratory aid

.Some sort of portable respirator aid (belt type)

.Must alleviate any urinary tract obstructioning

+Protect againet any genitourinary infection or bowel
swelling :

Psychosocial need is for:

( .Guard against any disruption of any hand splints usage
+Fully increase their self-care potentials
.Provide them with a means to get outdoors independently
«.Increase their occupational potential to a2 minimal level
«Allow them to be fully independent of any full-time
assistance 4
.Control their autonomic nervous system activity in order
to help them adjust to condition
.Three-dimensional experiences with the surround
.Stimulate them to be active rather than passive

1
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a.z
The unique character of acute malformations and/or spinal

deformity is that in each, severe warpage of the body
results in external #3 well as internal performance
malfunctioning. The bilateral vertical body mass support
and balancing systems are extremely deficient and lacking.
They are unable to coordinate their centers of gravity
with the body mass position because of the severe
asymmetric warpaging. Often so severe that they are not
able to sit up. The acutely deformed are quick to

develop an extreme amount of internal cavity pressure that
leads to intestinal and digestive tract disturbances.
Visual orientation, localization and coordination are also

severely disturbed.

(¢a)
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b3
The unique character of a high thoracic
paraplegic, somewhere between a one to
fourth thoracic spinal cord segment injury
or blockage, is that the sympathetic
division of the autonomic nervous sysStem
is fully disrupted. An intense amount of
vertebral column impact and/or compression
is required to fracture the vertebrae in
this area. If there is fracturing here,
the complications which result are usually
twice as great and severe than any other
level of the cord. 1In fact, a great deal
of emotional or mental disturbance
(nonorganic) is not uncommon. Pain is
more prevalently experienced also. Their
grasping power and generally weak lower

arms dexterity is increased,

97
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CONDITION VARIABLE B

"

Sympathetic nervous system disruption can be anatomically
related to bodily damage. Damage which is severe due to
the location of its roots which influence the major organs

-« -

£ wody activation. Such damage is and will be obvious

o]

when the controls for expenditure of hody enerxrgy and
activation beccme deficient and the inhibitory controls of

the body cannct balance the sympathetic's activating

affects, Permanent autonomic nervous system hyperactivation

results in severe organic imbalance. The norxmal involuntary

bzlance and functions of the internal organs is lost and

©

verything must function at a too fast, too high and/or

oo hard an uncontrxollable rate. This is prokably the

2

ost serious of the condition variables. For it is
possible to partially control its affects but not to
correct or eliminate their cause. Its complications are
life threatening, striking at the heart of the biochemical
systems., Thexefore, it must be considered as an extrene
constraint on any design aid aspirations and in setting

performance goals,

a5
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8
GENERAL CHARACTER OF
SYMPATHETIC NERVOUS SYSTEM DISRUPTION

Condition 1s a result of cerebrum damage or autonomic
nervous system blockage aand malfunctioning

.Condition variable is most commonly found in traumatic,
spinal coxd 1n3uren {£ifth thoracic cord segment on up)

«The body is able to maintain only a reflex control over
its v1xal internal organs and their balance

Disruption will result in moderate to full involuntary
cont ol loss

+There is an autonomic nervous system aimbalance between
body’s activating and inhibiting mechanisms

JThere is a dramatic increase in the sympa thetic nervous
system’s activation

.The autoncmic nervous system's activating half is
continually functioning or being "kicked in® and
overacting

.The autonomic nervous system's inhibitory half
{Parasympathetic controls) affects are being masked out

«The hyperactive sympathetic activity is the cause of a
great deal of homeostatlc (boov equilibrium), intexnal
stress, and imbalanc

CCUPLICATIONS OFTEN RESULTING FROM SYMPATHETIC NERVOUS
SYSTEM DISRUPTION

'.Hyper reflexia Dbehavior is developed

Vascular constriction is to increase unless stopped

.Blood pressure is increased with flushing in the face
‘comaonly occuriing

.Cardiac condition is unstable with the threat of fainting
spells common . .
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‘B (Continued)

«The hypdthalmus's control over sweat glands or body
temperature is lost with periodic bursts of excessive
sweating

-Sharp and unpredictable body temperature rises often
occur . v .

A feverish feeling is common along with the threat of
going into .a convulsive state :

«The metabolic rate is greatly increased causing an :
excessive heat output and thru time, a fluig, electrolyte
imbelancing often occurs

.Excessive glygogen breakdown occurs, thus there is an
sbundance of unused enexrgy to increase neivsousness and
spastic tendencies . ' 8 :

-Enzyme secretion is diminished, thus lowering their
natural protection against bacteria

-Glaucoma is common with increases in intraoccular pressure
due to constriction of the occular muscles

.fleadaches are common
.Dilation of pupils will accompany occular stress

-Respiratory passages are constricted further decreasing
their already limited respizitory gbility

-Nasal passages are censtricted and thus congested

-Secretion of saliva is diminished causing dryness of
the mouth o

-Gastrointestinal activity is increased with stomach
ulcers not uncommonly follewing

-Severe constipation and unpredictabie diarrhea are caused
by unstable bowel musculature control

-VYoiding and evacuation wall constriction is cause of
urinary tract blockage (constipation) and subsequent
‘infection of the tracts

«fhere is an increase in tissue atrophy and constriction

Jusculature is very hypoartoanic

100



( ‘B {Continued)
.Contracturing of body segments is severe

JUncontrolled erection is freqguently embarrassing

B

RESULTING INABILITIES FROM SYMPATHETIC NERVOUS SYSTEM
DISRUPTION

LBmctional adjustment o condltlon is nearly impossible
because of the hyper reflexic state

Circulation of body fluids is completely out of balance
and being greatly restrained by condition variable

Relaxation is a near impossibility as long as condition
variable is not controlled

.Sexual functioning is fully dlsrupted and adding to
frustration

( , .Metabolic rate is difficult to adjust to

.Can't adjust and increase oxygen intake to meet demands

B

OVERALL PROBLEMS RESULTING FROM SYMPATHETIC NERVQUS
SYSTEM DISRUPTION

.Motivation is completely lost

For one reason or another survival is constantly being
threatened

.Heart attacks are easily brought on

: Majcr threats to survival are from either liver or
L , 'kluncy malfunctioning

Jfalnting spells are cause of accidents that cause further
injury

.Thermal limits are very narrow due to extreme sensitivity
to any changes in body temperature

101



3 {(Continued)

Comnlications ave usually two times as prevalent and

i

intense than with any of the other condition variables

-Bizdder is usually under a great deal of pressure

«Doly Comperchures are very sensitive to hot weaﬁher with
Loly somperatures quickly rising

JMNaturc of condition variagble, varigbility is great, anyone
or compinacion of discussed complications may be present

~Drenching outlvrety of sweat are extremely hard to handie

B

NZLEE OF 4BE CONDITION VARIABLE

ded iz a minimum of two to three quarts of wate:,
day

LOontrol musculature tension after it is decreased in oxdez
to ¢ibain a restful state of mind

Provide. sonme degree of comfort that is obtainable at
any time

WHold and control the surround tcnpgrature so it is

possible to keep body temperature at a basal level

-ULlhrlg evacuation and eating patterns are to be
stringently dovelopad

aVen us ang capillary strength are both requirxng
inforcement and support

‘Qmuwel and bladder are to be relieved of any tengion or

coipression

Jivper weflex (reflexia) spasms are to be minimized and
aohhmolibd for they can trigger heart attacks and
convuls ions
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CONDITION VARIABLE C

Postural inbalances and/or deformities are the cause of
sensory and sensory awareness distortions, due to
disturkance and disruption of the mechanisms of visual
orientation. Secondly, they can upset and/or suppress

the functioning of the internal cavities, and in
particular diminish respiratory capacities., The imbalance
problems begin with structural imbalance, which can with
time, lead to further biomechanic, sensory &nd later

biochemical strain and stress.

This postural warpaging is indicated twice in the "key"

to hierarchial levels of non-ambulatory condition involve-
ment. It is a threat in one degree or another in either
case., However, it must be considered a major constraint on
performance potential when present in moderate to full
severity. Postural warpage that is of a moderate to full
severity can only be partially corrected. Constant

prevention of further imbalances is essential.

¢
GENERAL CHARACTER OF MODERATE TO FULL
POSTURAL IMBALANCES AND DEFORMITY

Prevalent more often and in a more severe way if there
15 tneven, asymmetric lnvolvement or partlal neural
contrQl loss

.Uneven muscle pull and tension on body frame is major
cause of postural warpage

103
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¢ {Centinued)
JTrunk 1s unstable over the pelvic girdle

JUnnecessary pressure on kidneys and torsional pressure
on viscera are prevalent

Vertebral column is unstable for one or more reasons

Jdiissing vertebral segmnent is often a camuse of uneven pull
.Surgiczl fusinyg of vertebral column in one area is nearly
impossible to do without causing some asynmetry in the
vertedral column’s overall aligament

.Fiat or raversed lumbar spines (most common in spinal
cord inijury cases) will cause the pelvic girdle to tilt
backward zed thus throw alignment furxrther off

.ﬁhottiuw of nuscuiature in abdomen or waistline is hoth an
nstigator and a result of progressive postural inbalance

Weak para spinal (intravertebral) muscles are not properly
pulling on the Vﬂrtebral column-

JForward c&_Llng of pelvic girdle will increase alignment
problens causing lumbar lo¥dosis

JLocatiocn of masses center of gravity is out of place

‘Mmghvy percent of the time postural warpage will tend to
be to the right with a counterclockwise rotation in
lunbar area {Olsen G.A. 1966)

.Body mechanismsare often unaware of warpage and/or will
adapt nechanisms around malalignment

.Bilateral mechanicms are not able to naturally correct
due to the lack of neural integration (feedback and
control)y across he midline vertical axis of the body

°thormw“z.es are either a rigid {fixed), hard tissue bone

crange or in a flexible state where tissue is only
deformed (before) bone change
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COMPLZCATIONS OFTEN RESULTING FROM POSTURAL IMBALANCES

AND/OR DEFORMITY

Accompanying pzia will occur in the intercostal
musculature

«There will be an increzse in respiratory suppression
a decrease in the vital capacity

«Occular functioning is strained and quickly deteriorates

anisms of visual orientation are mlSullgn°d and
ir visual localization diminishes in capacity

.Thera iz an increase in the biologic stresses in the body
particularly in the biochemical systems

necrease in skin breakdOWﬂ, pressure sores
: e in irritation of the skin surface and
poor kody mass positioning

EBxtreme lordosis and scoliosis are common

.Compensatory disalignment from one postural warpage will
cause another, and most commonly a counter reversed curve
or "3" (Kyphosis)

.There is often late deformity which occurxs in weak
cervical areas

«2lood pressure is- increased due to internal stress or
visceral compression and kidney tension

Oxcan efficiency is decreased due to internal oxgan
d lg_t..)l aCOI“u&.nt

WVicceral klnkage will occur due to bowel ard blddder
conpression

.Circulatory capacity will decrease with severity of
warpage



ERIC

Aruitoxt provided by Eic:

TSULTING INABILITIES FROM POSTURAL IM3ALANCES AND/OR
REFORMITY

«There is an inability to bend through the waist
«There ils an inability to fully bend orr rotate thru any
ical

-
v fused vertebrae which usually integrates one

s L
or tw adjacent vertebrae on each end of break

T ifficult to hold trunk in desired or proper
lignment without applied forces

difficnlt to maintain proper visual and gravitational
ionality ox aCUlty

.There usually is greater lateral imbalance than sagittal

Sustaining any activity becomes increasingly difficult
due to lcw endurance caused by warpage

It is oftten difficult to straighten or feel misalignment
It is increasingly difficult to sustain purposeful
movemwent of trunk due to m¢sa11gnment of paris and growing
lack of coordination

.Unable to move the center of gravity with the base of
sSuppRoi.
.Bllateral balance is not obtainable in an erect posture

-

It is difficult to securely maintain a sitting position,
comfortably

oIt is later thru time often impossible to even sit upright

Yyl 1 awareness .1s progressively decreased due to
arped spatial orvientation
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VERALL PROBLEMS RESULTING FROM POSTURAL IMBALANCE AND/OR
DEFORMITY '

Maladapt to improper visual orientation which will cause
vermanent binocular disparity

Eye-nand coordination is greatly diminished in meaning-

Tuaness

eye aligument to stimuli is more difficult and less

.Dar-

aocurate

-Their meaningful concentration abilities are decreased
.Base of supports are disoriented with other body parts
.Sometimes are only able to slump in high thoracic,
cexrvical areas because of postural warpage and/oxr
waistline knotting

.Coordination is dlsproportlonately reduced to degree
of warpage

.Neurological degeneration is increased
Jusculaw atrophy is enhanced

.Caner o pressure and center of gravity correlations
are distorted

.Any or all growing skeletal parts are influenced
-Body loses part of its gravitational axis or it is
shifted due to loss of bilateral balance, neural muscular

controls

«Poor surgical wiring or fusing of wvertebral columns is
sometimes possible

«Rapidity in fatigue and its onset is increased

JMovement ability, skill and/or efficiency progressively
‘ decreased
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- C
( NEEDS OF THE COXDITION VARIABLE

.Rainforce vertebral column and cervical vertebrae
Jlust recenter trunk musculature over the vertical axis

.Shouldex glrdTe is to be suspended about the vertebial
column :

.Provide a continuous rebalancing mechanism effox
.Provide additional stimuli for that which is missing

.There is a need to artificially reﬁu*n or replace lost
p oprioceptive responses

.Damaged balancing mechanisms are to be reinforced and
rebalzanced

{ : Asymmetric imbalances require an ircreased amount of
external control and support to rebalance

.Distorted centers of pressure are to be compsmsated for

tress and stirain on cardio vascular and
vy systems

-

.Decrease s
respirator

.Internal pressure and compression on lower trunk and
viscera are to be relieved

Misalignments of vertebral column are to be artificially
made up for and/or corrected

.Continually changing rigid support forces are required
to correct fixed deformities

i i «Continuous outward leg rotation and anti “preferred hand
: . twist" resistance is necessary

3 3 : LSurgically realign as perfectly as possible if there is
- a fixed bone deformity and balance

ERIC
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CONDITION VARIABLE D

The results of movement capacity losses are cumulative
in nature with regards to time. Losses are felt by the
entire body in general. Foxr this capacity is depended
upcn by the biochemical to aid it in its £luid and waste
movement, by the bicmechanic to maintain its tone, by the

neurosensory to maintain its awareness.

Its loss can be most noticeably measured in amounts
and/ox degrees of: tissue atrophy, perceptual deprivation,

and psychosocial. impact.

The variable is indicated three times along the "key" to
biologic involvement because it is common to éll N.A.'s
where only amount of immobility differs. Its complicaiions
should be seriously taken into account when loss is severe.
Resulting vascular and £luid movement disturbances are
hardest to alleviate and make up for at any of its levels.
But all N.A.'s seem to have some degree of safe movement
potentiél. Minimization of this condition is primary for

all design efforts.
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G
CENSRAL CRHARACTER OF
MODERATE TO FULL MOVEMENT CAPACITY LOSS

.Usually are unable to self-propel wheelchair functionally
by themselves

£ they are able to use wheelchair it usually must he
lectrically powered

L)

@

Jheelchair range, confidence of usage and capability
are very limited

It is not possible for them to confidently 1lift ox
""ﬂnufer body mass (wt)

Jzistline musculature is knotted up
.Disuse atrophy is progressive

.Abdom*hal muscles are progressively 1osxng ablllty ‘o
contract

Lowexr back musculature is to progressive weaken

.There 1s a general increase of all their complications

. It is necessary to drink +wo to three gquarts of water per
day (one glass per hour) approximately sixteen per day

.They are not able to use public trausit

P .Even in wheelchairs their access capabilities to public
¥ ‘ facilities are poor

.Cccupational capabilities are minimal to zero
JAdjustment potentials to disability are usually poor to zero
Behavicrs are very dependent on preinjury behavior

, , JThey will often remain in a long depressive, self-mourning
; state a

.Thefe is a ¢great deal more of unhappiness felt and shown
in males

A gfeat fear of being with nondisabled and that everyone
is lovking at them

Q .The zdolescent aged are hardest affected by great
[]{U: Gependency demands they must (learn to) make
—— 117
e
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( COMPLICATIONS OFTEN RESULTING FROM
) NODERATE T0 FULL MOVEMENT CAPACITY LOSS

There

pressu

S8 an increase in average resting pulse and blood
]

I-; [&8

-Obesity increases aand is cause of additional heart and
cm;culaLory siress

JMetabolic effectiveness is decreased by increases in
chesity

.There is an overall decrease in heart rate
Jfhere is a great suppression of capillary circulation
-There is a high potential of rupturing capillaries of veins
;Swéllin of lower extremities is common
an increase in body tissue and capillary
-There are increases in the frequency of skin infection
( ‘ and/or pressure sores due to poor capillary circulation
-8%in is drying up
+5kin is becoming callous and degenerating
.Axthritis of low bhack is common
Atrophy and compression of agueous nerves is common

-The weak azbdominal action is increasing low back
; : degeneration

S ‘ .Wezk Dback muscles are decreasing ability of musculature
s ' for elimination which affect elimination control

N ‘ JWithin four to six months, bones are becoming very fragile
: and atrophy is near complete {without any passive ranging)

. ﬁf ' WRapid bonre demineralization and kone and tissue atrophy
boood are occurring

te ' B slow progressive atrophy wf neuromuscular system is
BT . - cecurying

ERIC
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D {Continued)

.There is a progressive decrease in the body's need for
nutriment

There are increased amounts of nitrogen being excreted
in urine '

oy e e

.Rate of sedimentation or settling out of particles in body
fivids iz increasing

.Drastic change in vocational role and sexual identity are
nost disturbing

)‘

.Behaviour patterns are extremely variable, depending upoi
ra st expe riences, length of disability and degree of
disability and when it began to affect body (onset)

.Introversion occurs and is most often severe

.Inferiority complex are developed

) , :
RESTLTING INABILITIES FROM MODERATE TO FULL MCVEMENT
CAPACITY LOSS

Jihere is a lack of normal skin sensitivity to minute
; ces most often

‘U 3
ki
©
nt
i)
3
Fe

D

lalPCdln continuous body oscillations or minute
position Shif

S -It is usually very dlfflcult for them to eliminate by
P thenselves

"y

ney are unable to stand for any length of time

£

- JThere is a diminishing of desire to be socially involved
~0r active, become timid and lack initiative

L is very difficult and often impossible to fully accept
r undcrstand changed bhody image (form)

. .

O{-’

A ‘most often impossible to carly thru original life

Tt oa.
tyle desires

L“v r"?

0o : t is very difficult to admit or face up to physical
Lo con dition and/or state

i—i
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( D {Comtinued)

It is very difficult to go out in the outside world to
test physical state and f£ind out who one is

It is very hard to interact in public with nondisabled

D
OVERALL PROBLEMS RESULTING FROM MODERATE TO FULL MOVEMENT
CAPAQTTY LOSS

' .There iz usually an increase in bone fracturing,
particularly in the limbs, pelvic girdle and skull
.There is a progressive decrease in the range of motion

~fhere is an increase in the lack of sensory stimulation

with time

eRy)

JThere is a ﬂisrup'ion of perceptual mechanisms

«Pressure sorxes and urinal blockage or 1nfecc1on are
< causing a great deal of distress

. o .Th

@ crease in infections is cyclic for it further
P decre ses

the already limited movement capability

S +There is an increase in biologic imbalance as infections
:ii o : lacrease

+Orination and water requirements are increased with an
increased lack of abdomlnal action

ngly unreliable patteins of excretion are

nt

y problems are tending to increase along with a
ve decrease in proper postural alignment

ly activity level and self-help capabilities are slowly
inished, alony with incentives to recreate or play

A
H

.Q;

.Static postural positions are held too long

; ; a . .Circulation stoppage due to circulatory atrophy is
: ] continualily more easy to cause

: (1ﬁ f ‘ .There is an increased pooling problem in feet abdomen
Q

o o e 1:18
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D (Continued)

. {Visuzl and auditory; communicative abilities become
more limited

LAttitude is continually attached to situations
.There is an increase in unconscious behavior

.Continuous feelings of frustration and stress seem to grow

-Slownass or inability of ego to accept what the changed
body 1looks like and how it is and will perform in the

future
-Increases in abnormal body image, movement patieins

.Pension is increased between individual and those who
st athend to family and interhospital relations

KEEDS OF TiIZ CONDITION VARIABLE

{ . .Visual perception and distorted occular functioning are
“ to be accommodated foxr

: . ' .A minimum of one to two hours of fully assisted vertical
b L _ righting are required daily in orxder to maintain a minimum
a SR vascular tone and bone density

.Some stress and pressure on bones when standing (vertical
righting) is necessaxy in order to strengthen the bones

.There iz a nead to restructure and reorganize their
surrounds and life style or daily activity patterns

i . Independentc access to sources of water such as sinks,
' : hubblers, etec., is necessary

I .It is necessary to continually make minute body
: - gcillations. or shifts without conscious effort, in order
to prevent skin breakdown

1

b

A .It is advantageous to maintain or restore skin. tonus
% . : to a maximum
| '
b

i

P ?.hbllztv to sleep a full night without hav1ng to be
. : dlﬁ“urbud iz desirable

&,f‘ uIL iz necessary Lo maintain oxr increase the daily range
1 of motion candollmty
v

; Wi;ﬁﬁ
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-It is necessary to provide stretch on the Jower back
musculature and spine thru the vertical axis
(Harmon D.B. 1970} -

-Prevention of pooling is particularly a necessity in the
legs and abdominal cavities

-It is advantageous o increase blood flow thus increasing
oxygen distribution in order to help remove wastez in
chie hody's system

-1t is nscessary to increase the nutriment demands of the
muscle fibers in order to decrease their atrophy

&se use of existing neuromuscular pathwaye in order
ncrease nutriment demands and help stop neural
eration and muscle atrophy

-Physical activity not just passive is to be engaged in
and maintain daily

-It iz advantaceous to increase the body's streagth,
enhance cooxdination

ncreasing back musculatures will enhance the elinination
Qo o o

Mzeter and control changed physical state and image

LR

JMotivation is to be stimulated in order to switch from
passive way of doing and thinking, into active

.Dependency frustwations and/or helplessness feelings

are €C be overcome as soon as possible

oIt iz essential that the individual continually be given
the epportunity to prove and reprove to a maxiuwam their
mastery over the damaged body form

—a
| TS
1

by 4
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CONDITION VARIABLE E

The amount of self-care dependency logg is also an
indicator of psychosocial stress. Dependency losses will
directly relate to individuals with a greatexr number of
complications, perfcrmance and mobility losses. As long
as cependency exists, there will be some behavioral as

well as actitudinal conflicts and problems.

Tne varizble 1s indicated twice on the "key" to biologic
involvement and will indirectly coxrelate with some sort
of upper extremity instability and/or deficiency. With
Tegards to design, the minimization of the causes of
dependency loss is essential in order to motivate and
provide individuals with any personal acceptance and/or
satisfection, Pasychologically, alleviation of this loss
ic wmore important than rectifying any other condition
variable. Some self—care'independence,is possible except

at the most acute lavels of biologic deficiency.
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—

GENZRAL CHARACTER OF MODERATE
TO FULL SELF-CARE DZPENDENCY

Lill usually require full to nearly full-time assistance
oxr wersonal aid to live

ined to lying and sitting most of the time
£ their lives

.Scime will be able to groom and eat only

& unadle to manage their daily lives and take
thenselves at all

unzble to functionally propel wheelchair with
streagth and/or endurance

a need to rely on a huge amount of appllanceo
just to survive

.There is a very limited amount of physical energy, let
alone energy reserve

Will probe DLy be involved in the upper trunk and/or
upper extremities to some degree (high thorax area up)

JUALL lack voluntary control thru the upper extc remlty
and/or upper trunk area

JMany are unable to even enjoy passive activity, let
alcne active except possibly "water sports"

.Many will no longer come in contact with many new
people, particularly those who aren't handicapped

Wiil commonly have or develop a helpless attitude

.Often will have only a limited, meaningful awareness

O
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CO& LICATIONS OT'TEN RESULTING FROM
ODEZRATE TC FULL SELF~CARE DEPENDENCY

ommon, moderate to full movement loss and confinement
ications are evident

l*-' @]

>t be returnad to hospital for surgery and/or
rare due to complications and serious return

e
'P' o3
0

un

1
O
Fo
P
[0}
93
]

re very slow in healing (unless partiall involwved)

i 1 mehabilitative goals and/or potential are usually
set {unless partizlly involved)

«Usually will have lost any chance of having or siring
Ciiil

lest of life's tasks are extremely difficult

.Their Llife often seems, and are just prolonged

+Suicldal attitude is developed
sUBually are living under constant th*eat to survival

JBecome verbally aggressive, hatr: 3 feeling and/or innex
hostile feelings will qULCKlj devalop

Will often ga.n varying amounts of unnecessary weight
and heccue obese '

change is too ygreat for chexaclen
To

<Usually will have scme sort of lower extremity =nJ foot
spasticity or inapility to control
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RESULTING INABILITIES FROM MODERATE
TO FULL SELF-CARE DEIENDENCY

LOften are unable to control or fulfill any realistic

life style plans :

.There is a great irability to cope or adapt to minoxr
changes in cituaticns affecting the body or his body's

surrounés

f

o

QA

-
S

=

icult to have any homebound occupational

o ., 1f aay

-

gig
ial

o IR
U

(o
ote

3 1

It is very difficuit for individuals to feel or gain
any real self-satisfactions out of life

.Often requires a great deal of apparatus, cunbarsome
ecu;pment and appliances to exist in a nonvegetative
A.OL'h.

ny are unable to relearxn lost ability and xroutines

&
r to adjust to care, eating habits, etc., by themselves

0

-Unable To overccme many of biologic complications, if
any at all

Unable Lo stabilize condition as it continues to slowly
degenerate

oIt ls very difficult to ever cope with total image
change anq/o adjust to it thru time

-
e
[

OVERALI, PROBLIMS RESULTING FROM
MODIRATE 7O FULL SELF~CARE DZPENDENCY

.There is a complete feeling of life being dependent upon

cthers and physical devices

S .Therae is little to no independent life style remaining
! or foreseeable in the future

~Ereat arount of depression is due to inability to come
evan clcose to orlglnal life plan or desired way of living

ERIC
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£ {Continued)

.Individuals are not able to even cleanse or go Lo the
bathroom (evacuate) by themselves

1l reguire assistance to shift or change one's
postural position or maintain them, except for lying
NVertical positioning is impossible to achieve on one's cwn
JGreat amount of difficulty and interpersonal distress is
dua to complete personality change and the reactions it
brings ocut

cult to overcome in any way the tremendous
2ave been imposed

n insurmountable number of socizal and emotiona

&
3 facing them due to zero performance abilitly

en seniadjustment to the new body form is nearly

ifficulty in overcoming feaxs and frustration

.Personal avpearance and how they feel others look at
them is depressive

There is & growing increase of mentzl concentration or
inward thought due to emotional trauma

e T
[
o
2
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NEEDS OF THE KDl’i N VARIABLE

.

There is a great nead Lor anew, noncunbersome and flexible
seli-telp devices

LThaere is 2 need Lo wmalntain or increase individual's
seli-nelp capability to a wmaximum

oThe abllity to perforam tasks outside of the bed or a
wicelchalir Ls essential in oxder to enlarxge the
wadividual's world

b—l
6]

2t the mininal to zero capapilities
legree of independence

[GENES
1¢)
p. 3
[
() £

.Decrease as wmuch as possikle, individual dependency on
o ' ' :

«It iz € individual has the miniaal
abllity to read a Look, blow his nose, go to Dbathroom,
cransfer nls body from sitting positions

A0 understonding of potential esbiiities and limitations
i35 necessary and should be reached as soon as possible

Jhhere Ls a need Lo gain some self-satisfaction of
accurplishnent

JIn some, at least minimal ways, it is necessary for thew
o uQ nano; and productive o

(S
AN

ut
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3.1
GENERAL CHARACTERISTICS RESULTING
FROM MIDTHORAX AREA BIOLOGIC DEFICIENCY

Biomechanic parts and performance that are commonly affected:

«Intercostal musculature is still minimally involved
.Have a moderate amount of physical endurance

.Have a minimal amount of physical strength to physically
power artificial aids

.Have moderate independence in a wheelchair

«Will usually self-propel themselves in a wheelchair
.Have moderate lifting capacity

.Have good upper back musculature strength

.Can transfer body weight easily and push up from
lying position

.Have strong upper extremity usage and grasping power
.Have good independent sitting balance

Neuromuscular parts and performance that are commonly
affected:

.Unable to coordinate trunk with pelvic girdle
.Voluntary control losses are only prevalent
.Unable to fully balance trunk on pelvic girdle

Sensory parts and performance that are commonly affected:

.Often have little or no more sympathetic nervous
system disruption

.Often will not show any symptoms of autonomic hyper
reflexia

.Moderate sensory discrimination loss remains in trunk

Biochemical parts and performance that are commoniy affected:

«Breathing rhythm is near normal

.0Often have a slightly higher than normal breathing rate
+Have a partial respiratory reserve

.Contracting chest walls decrease their ability to
inhale and exaale '

.Require a great deal of physical energy just to continue
breathing at a minimal yet more normal capacity
«Pneumonia is a cormon threat to survival and it is easy
for them to deaveloy. :

.Will have nasal congestion problems and are unable to
properly clear nasal passage by sneezing
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3.1 (continued)

.Lack control over sweat glands &nd virtually body's
thermal control and balance due to lack of hypothalamus
control
.Lack of inhibition in chemical heat production increases
sweating

.Hot weather or room temperatures will rapidly increase
their body temperatures and with rapid heat buildups

.Will usually have only partial voluntary control over
bladder causing inability to wvoluntarily void

.Have a moderate fainting potential due to poor
circulation —

.Have overworked heart due to strained vascular systems,
therefore pooling of klood in internal cavities occurs
.Rapid changes in position can easily cause visual
blurring, ringing ears and possibly loss of conscious
control

Psychosocial behavior and attitude that are commonly
affected:

.Will usually rely on wheelchair for means of
independent mobility

.Have full to moderate self-care independence
.Manifest a great deal of sexual frustration, due to
inadequacy '

.Develop very self-centered attitudes

.Fear social contact or facing real life experiences
again

.Good-for-nothing feelings arise and are directed
toward their very limited real-life occupational
potentials ‘
.Suicidal ideas loom in their subconscious

.Moderate family friction, often concerning financial
matters

124
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(. géﬁPLICATIONS OFTEN RESULTING FROM CHARACTERISTICS
.Chest musculature often tightens up
.Intercostal muscles become rigid like
.Respiratory system is still susceptible to easy infection
.Minimal amounts of dietary supplements are required
.Biocheminal and/or homeostatic balance remains poor
.Genitourinary organ control is minimal
.Unstable cirrulatory output
.Abdominal pressure and tightening up
.Abdominal compression (visceral organs are strained)
.Overall body tension and nervousness

.Blood pooling problems of swelling legs and feet remain
severe

.Kidney problems and infection

3.1
INABILITIES ATTRIBUTED TO AFFECTS OF CONDITION AND
COMPLICATIONS

.To maintain or push himself to a standing position with
support bracing on
.Unable to functionally'use existing bracing
.Unable to bend at the waist properly
.Digestive processing is unable to maintain a st~ble balance
.Unable to control metabolic rate
.Unable to cough well
-Unable to fully control trxunk on pelvic girdle
[ .Unable to fully rotate pelvic girdle

Q .Unable to independently move thru shoulder to thigh flexion

14 )r?
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3.1
OVERALL PROBLEMS RESULTING FROM CONDITION

.Must depend solely on the wheelchair to obtain any
occupational potentials

.Can't get independently irto a standing position

.Can't get down from a standing position into a sitting
position independently

.Unable to use public transit
.Only has a moderate to low .uspiratory endurance

.Have moderate energy potential

.Have respiratory capacity suppressxon due to improper
supportive aid application

.Has limited outdoor occupational potential

.0f sitting too long and having skin breakdown or ulceration

3.1
OVERALL NEEDS RESULTING FROM BIOLOGIC DEFICIENCY AT
THIS CONDITIOW LEVEL

Biomechanic need is for:

.Keep chest musculature from tightening up

.Reinforce abdominal strength with pressure

Keep abdominal musculature from tightening up

. Increase midtruznk stability

.Increase pelvic stability

.Increase liftinc and pushing ability

.Increagse low bhack muscular strength and support

.Minimal ability to step up and step down with aid
(rails, etc.)

.To bend freely .t the waist in at least the sagittal
plane

Neuromuscular need is for:

. Increase trunk and pelvic girdle coordination
.Reinforce trunk andéd pelvic girdle balance

WY
N
o
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3.1 (Continued)
Sensory need is for:

.Feedback from lower extremity bases
.Position sense of leg position

Biochemical need is for:

.Moderate amount of respiratory aid

.Coordinated rhythmic chest and abdominal musculature
1ift and lateral positive pressure (diaphragmic action)
.Decrease rapid and/or irreqular rate of breathing
.Increase their endurance level

.To lower body temperature slightly to decrease oxygen
requirements of living tissue (is 20% less at 34° C
than it is at 37° C.)

.To closely protect tissue from abrupt thermal and
humidity changes including wind chill

.Stay within narrow thermal exposure range that is
supportive of condition

.Control undesirable affects of blood pooling in lower
extremities

.To stimulate and greatly increase venous contraction
power to push blood back up to the heart

.Decrease any reflex vascular constriction (peripheral)
or high blood pressure despite venous blood pooling
that occurs

.To take full precaution against vascular strain or
heart attacks

.Evacuation appliance aid and/or safeguard controls

Psychosocial need is for:

.Moderate occupational freedom outdoors or in public
sectors

.Full sedentary freedom without worry

.Help adjust to meeting peogle

.Help make acceptable to public

.Increase their visual appearance
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The unique character of a midthoracic
paxaplggic, somewhere between a fifth to
. eighth thoracic, spinal cord segment injury
or blockage, is that the autonomic,
Sympathetic neural control's aztivating
and inhibiting balance will be undisturbed.
For interruptions are usually from the
fifth segment on up. Thermal control
imbalance will remain as a definite
problem. Hand grasping is however strong:
and tight, making it possible for some,
with assistance to stand up, using a full
amount of current supportive equiément.
Only a few are able to negotiate curbs
with their wheelchairs. The midthoracic
are the most common type of paraplegic
found today. "Approximately 70-83% will
remain semidependent for their entire

lifetime" (Kaplan L. 1966)
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The unique character of poliomyelitis is that it's
primarily a disease that affects the anterior nervé (horn)
cells of the spinal cord. The paralysis which occurs is
unevenly distributed thru the affected areas, with local
tension cccurring, but with relatively few other
complicative or inhibiting affects or factors accompanying.
Their muscle fibers are unaffected by the paralysis and

can be readily increased in size. They are also able to

sire children.
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4.1
GENERAL CHARACTERISTICS RESULTING
FROM LOW THORAX AREA BIOLOGIC DEFICIENCY

Biomechanic parts and performance that are commonly
affected:

.Have a moderate to full abdominal musculature

.Have moderate abdominal strength

.Have full chest musculature ‘

.Have moderate to full trunk stability

.Moderate to full shoulder to thigh movement ability
in sagittal plane

.Have full upper trunk horizontal rotation

.Have little to no abnormal bending thru the trunk
-BRave full upper extremity physical strength capability
.Lumbar vertebral column is distorted

.Have minimal pelvic girdle rotation and strength

Neuromuscular parts and performance that are commonly
affected:

<Have full upper trunk control
.Minimal trunk pelvic girdle coordination
.2zero coordination with lower extremity

, /
Sensory parts and performance that are commonly affected:

-Have no awareness as to lower extremities position
or direction
.Minimal sensory discrimination in low trunk

Biochemical parts and performance that are commonly
Affected:

.Have moderate to full diaphragmic action potential

«Have nearly full respiratory capacity

.Having varying degrees of coughing ability

.Respiration decreased because of abdominal involvement
+Chest walls are being pulled down by hanging visceral

" bodies _

.Have minimal lack of respiratory musculature performance,
tending to cause .a decrease in heart rate, increase
puwlse and blood pressure, accumulation of fluids in
lungs

.Have occasional outbursts of excessive sweating

1778



122

4.1 (Continued)

.Have moderate voluntary bowel bladder control

.0ften lack involuntary signal as to when they must void
.Kidneys are overstrained and sensitive

.Have renal infection

.Often no signal for evacuation

.Have symptoms of constipation

.Gastrointestinal tract disturbances, indigestion and
gas are often severe

Psychosocial behavior and attitude that are commonly
affected:

.Can usually adjust thru time to emotional shock of
disability

.Have a great deal of difficulty overcoming visual
acceptance and social attitude barriers of society
.Self~-care independence lessens family conflicts and
emotional strain

.Moderate body form control confidence can be
developed

.Some limited outdoor access potential enhances
motivations

.Can drive specially equipped automobiles

4.1
COMPLICATIONS OFTEN RESULTING FROM CHARACTERISTICS
.Are usually full to moderately infection free

.Are still susceptible to pressure sores and some genito-
urinary area infection

.Have moderate to full cardiac output
.Moderate peripheral circulatory abnormality
.Lack sensitivity in lower extremities

.Have moderate to full thermal balance
.Sacrum pressure buildups |

.Tailbone pressure sores are common

.Have a flat or reverszed lumbar vertebraa curvature

132
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4.1 (continued)

.May have irregular bony protrusions in low back
.Abdominal musculature knotting

.Great deal of torsional compression on visceral organs

.Kidney and/or liver malfunctioning will occur with time

gﬁ%BILITIES ATTRIBUTED TO AFFECTS OF CONDITION AND
COMPLICATIONS

.Have functional appliance standing ability

.Have unfunctional bracing or appliance aid ambulation
.Unable to fully rotéte pelvic girdle

V.Unéble'to extend leg

.Have minimal ability to lift leg

4.1
OVERALL PROBLEMS RESULTING FROM CONDITION
.Have minimal to no usable back musculature strength
.Tire quickly beyond minimum physical efforts
.Use of public transit is not practical

.Usually must maintain sedentary or semisedentary
occupations

.Semiambulation with appliances (bracxng) if possible
is quickly fatiguing

.Must do all body lifting with arms
.Unable to shift body mass weight without conscious effort
.5till have moderate, lower extremity circulation problems

.Sit most of the time because of convenience

e
2
€3



124

4.1 (Continued)

.Limited range of motion due to limited range of daily
activity normally participating in

.Of getting out and meeting people

.0Of proving to themselves and others that they can make
it in the real world

4.1
OVERALL NEEDS RESULTING FROM BIOLOGIC DEFICIENCY
AT THIS CONDITION LEVEL

Biomechanic need is for:

.Provide full trunk suspension between pelvic girdle
and shoulder girdle

.Integrate trunk with pelvic girdle

.Maintain cautior. against overexertion or musculature
.Cautiously reinforce and protect vertebral column in
the lumbar area

.Take advantage of standing ability and find a way to
functionally ambulate

.Have dependent stair-climbing ability

.Increase overall strength to maximum

Neurosensory need is for:

.Trunk-pelvic girdle coordination
.Trunk-pelvic girdle balance
.Gross reciprocal action and reaction between shoulder

girdle and pelvic girdle

Sensory need is for:

.Eave minimal to no pelvic girdle and lower extremity
position awareness
.No hip joint receptor feedback
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4.1 (Continued)
Biochemical need is for:

.Maintain proper postural positioning at all times
to preserve full respiratory capacity

.Protection 29ainst any limitation on inhaling and
exhaling action

.Abdominal support, corset in sitting to increase
diaphragnls effect

.Increase oxygen carrying capacity of the blood
.Increase respiratory capacity to as high a level as
possible in order to help prevent metabolic
complications

.Decrease quick fatigue rates

.To control any excessive sweating because it's
uncomfortable, embarrassing and its wetness requires
clothing changes and adds to body odor problems

.To control or absordb drenching perspiration, keeping

it from overflowing from unaffected areas onto affected
areas

.Be cautious of extreme thermal conditions below
freezing and/or above 80° F

.Eliminate or control blood pooling in lower
extremities
.Increase energy reserve to maximum

.Abdominal spring pad to relieve symptoms of
constipation

.Minimize compression on visceral organs

.Protect kidneys

.Relieve any genitourinary infection and then prevent
involuntary voiding warning

Psychosocial need is for:

.Full access to public facilities and transit without
a wheelchair

.Moderate to full occupational performance abilities
.Help to increase wvisual acceptance '
.Gain satisfaction out of what they do and (out of
life) '
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The unique character of legg perthes is that it's

primarily a bone disorder and that they have a great
deal of paihful lower limb contracturing occurring.
Their hip joints and associated ligaments are extremely
affected, making lower extremity outward rotation and/or
extension difficult and painful, They are not able to
bear weight on their lower limbs. A great deal of
cautiously guided extension and outward ranging activity
is‘needed'for they must stringently resist contracturing

forces and protect their tender joints.

[ 3
G
o



i
1]
=~

‘gge unique character of a low thoracic
paraplegic somewhere between a ninth
to twelfth thoracic spinal cord segment
injury or blockage is that they will
have a relatively normal homeostatic
balance, or internal state. Their
nutriment supplements are no longer
needed ard with care they can live
relatively infection free,' Many will
be found to have a2n irregular lumbar
vertebrae curve, being flat cr neariy
reversed and causing discomfort. Fiom
the tenth segment of the thoracic
segment on up they will have full
diaphragmic actioﬁuwhile those from
the twelfth segment on up will have
moderate to full upper exﬁremity, chest
and abdominal functioning. They will
also have full pelvic rotation, and
trunk-pelvic stability, but a weak low
back. They will maintain a rigid
characteristic. Braces are extremely

tiring and time consuming to use.
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The unique character of friedreiches ataxia is that it's

thought to be a spinal form of hereditary sclerosis,
where the lcwer extremities are fully paralyzed.
Friedreiches ataxia is characterized by ataxic movement
behavior or incoordination, clumsiness and body mass
swaying. Their incoordination worsens from the distal
ends imward. They are quick to fatigue, Thra time,
trunk and head control is lost and chest dzfcrmities

often occur.

c3
The unique character of multiple sclerosis is that the

disease will destroy, unevenly in patches the protective
coverings or myelin sheaths akout the lower spinal cord's

neural fibers, causing a diffused and sporadic paralysis.

128

In a sense their neural fibers insulation is stripped off.

Thus the neural impulses controlling movement speech,

vision and learning are "short circuited” oxr blocked.

The intensity of the short circuiting tends to mcve slowly

upward with time...until mental faculties become seriously

impaired. Their musculature is extremely weakened as
their movement behavior takes on a staggering "drunk-like

appearance. Epileptic attacks will sometimes occur.
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CONDITION VARIABLE F

Hypertonic musculature and accompanying spasticity are due
to one or snother muscle stimulation disturbance. When
gevere or above the high thorax area, condition level,
muscle disturbance is a result of sympatheﬁic neural

fiber disruption. 7The uncontrolled, extraneous body
oscillations are both disturbing internally and externally
to the body. Thus the variable is the cause of a graat
many complications, as a result. The variable can he
indicated along the involvement scale dué to its

reievance to the condition variables and levels above

which can cause and/or stimulate it.

It is important to control this variable in order to
biiﬁg the affected body into a state of readiness to
pérfa*m. Both mechanisms or orientation and localization
are upset otherxrwise. Without controlling it, it is
impossible to alleviate any body infections or problems

of exterﬂal body damage.
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F .
GENERAL CHARACTER OF
MODERATE TO FULL KYPERTONIC MUSCULATURE

.2 lack of proper muscle, biochemical or neural stimulation
that is causing an increase in muscular tension oxr
spasticity

-Some degree or amount of autonomic hyper reflexia is
wsually accompanying

.Continuous muscular tremor is common
.This is a cyclic type of condition varizble which

increases complications and those increases stimulate
spasticity intensity and reoccurrences

..Praevalent are the symptoms of involuntary reflex or

contracturing of trunk limbs and/or lower extremities.
{mass flexion)

.There is a continuous resistance to stretching out of
muscles

-Contractural deformity will usually occur at a fast pace

.Total voluntary activity of individual is usually
affected .

.Produces stiff jerky movements that are often poorly
timed

.Often will reoccur in the same patterns

-Body will have oniy minimal soft tissue atrophy because
- of hypertonic state

~Will have an intermittent and/or continuous nature,
- continuous more often being found in neural contitol
losses

-Will have a dead weight feelwdue to disruption of the
. normal neuromuscular counterbalancing

»Can e isolated to particular segments or very widespread
~or gross thru the entire body '

.Most are unable to sire children

«In some cases it will be very controllable and othexs not
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COMPLICATIONS OFTEN RESULTING FROM
MOLZRATE TO FULL u&P&R 'ONIC MUSCULATURE

-There i3 an increase resistance and tightening of muscle

fibers
.Ranging of links and maintaining daily range of motion
is nore difficult

.Body segments will reflexly rotate and flex inwaxd

JLind joldnts will tichten up much faster as flexion
contracture compi icaczons increase

ne frequency of backaches
d

e

.There is an increzse in
Mill often lead to skin abrasicons and/oxr frictional burns

JThere is an increase in the chances of developing pressure
sores ‘

.There is an increasc in peripheral vascular constriction

«Usvally will fatigue much faster

cAny purposeful movements will or can be disrupted by
eriraneous wovements of spasticity
JThere often is severe intraocccular pressure which

‘ accompanies '

JWill further stimulate, excessive sweating

Nervousness is increased

ilgiﬁ, .Further frustration Cue to further lack of ability to
- control one's body
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F
RESULTING INABILITIE
by

S
DUZ TO MODERATE TO FULL HYPERTONIC MUSCULATURE

.Usually are unable to maintain any stabilized patterns
of motion or hold a stable posture for any period of
time

JWill be unable to voluntarily cooxdinate body segments
motion

Will even further lack fine sensory discrimination (even
if limbs aren't paralyzed)

Will be unable tv judge spacial distances well

JWill be very difficult to come to full body relaxation
£ficult for individual to lose or

.It becomes very JiEfi
ssive body heat

i
control any excess
Will most often be unable to use extraneous movements
to their beneiit

F
OVERALL RESULTING PROBILEMS
DUE TO MODERATE T0 FULL HYPERTONIC MUSCULATURE

.The chances of protracting greater cr more infection are
progressively increased with increases in occurrence
and/or severity

JTLll increase in occurrence and intensity if there is
. ot enough physical moving or standing exercise

.Sitting too long, fatigue or remaining stiil for long
. periodls of time wilil usually make it wonse

+Often disrupts sleep and resting potential

L.Reflex spasms will be set off by any abrupt external
Cstimuli, such as temperaturc changes, pressure or
L movanent ' '

L All movements will lack precision with abnormal motor
- patterns becoming very obvious to observers .
S
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F {Continued)

JWill be unable to perform desired motor tasks, skills
or accomplish and specific task goals

.The amount of ranging, therapy time will be lnc ease@,
-

to keen limbs fLOm uurﬂing in and contracturin

Wil often thiow the
falling posturai po

Y

UJO
o
<

hody
4
[ ")

into an unstable and/ox
ioi :

.;
JWill increase the occurrences of broken limbs

.There is no known way to fully control, even though it
way subside thru time

Will increase individual's emotional stres

©

and tension

often prevents

H
O
L5
[¥N
g

.Psychosocial potentials are limited,
lnﬂlVLO als from going out in public

ry ]

NEED3 OF THE CONDITION VARIABLE

P s

.It is advantagecus to stand as often as possible

It is necessary to prevent kidney knd/OL bladder
disruption, {(reduce stones in urinary tract) in oxdexr to
llﬁmt thelr instigating more spasticity

There is a need for wmcderate body segment movement

A0iil need moderate ovgreea of heat treatment to help
control

It is necessary to move body parts smoothly and with care

-r

Avoid and coatrol cortracturing if it is at all possible’

Provide control to limit as much as possible the intensity
“and nuanber of occurrences :

]
3
|
'

LI i3 mec a@ssary to maintain some muscle tone but decrease

P the general overabundance

i

oIt is necessary to decrease any pain and/or eliminate
;itu calsa '

A ;f;
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F {(continued)}

.If possible, it is advantageous to use and control the
reflex spasms in helping user maintain some productive
performance ability :

.There is a need to protect ankles and heels of spastic
limbs (sheepskin booties) '

.The feeling and maintaining of a confortable state is
inportant :
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5.1
GENERAL CHARACTERISTICS
RESULTING FROM LUMBAR SACRAL AREA BIOLOGIC DEFICIENCY

Biomechanic parts and performance that are commonly
affected:

.Have a moderate amount of pelvic girdle stxength

.Have full sitting and standing functional appliance
usage

.Have moderate to full low back musculature

.Have minimal to moderate hip and knee extension strength
.Have moderate to full pelvic rotation

.Have toes that curl in along with drop feet

Neuromuscular parts and performance that are commonly
affected:

.Center of gravity control is not complete
.Have minimal hip and knee control
.Have full upper trunk (rib cage) balance

Sensory parts and performance that are commonly affected:

Little or no propriocéptive feedback from hip joints
.Little or no feedback from lower extremities

Biochemical parts and performance that are commonly
affected:

.Atrophied body parts have a faster rate of heat
exchange due to the decrease or lack in tissue
insulation arocund vessels

.Unable to constrict and dilate their blood vessels
properly thus affecting their blood pressure, flow
and heat control

.Have moderately complete urinary control (complete
control is only found in incomplete paralysis)

.Poor trunk suspension disrupts their kidney functioning
.Abdominal pressure causes bowel kinkage

.Have bowel functioning stoppage and full bladder
tension (at times)

.Unable to fully control voiding

.Have kidney infection of some sort

.Body odor problems

.Have to wear some sort of urlnary appliance
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5.1 {(Continued)

.May have deficient ratio of red cells in blood stream
.At times, poor circulation to spinal cord

Will have some proklems of metabolic balance as long
as there is moderate circulation and minimum
respiration deficiency

.May have infected and/or enlarged livers, along with
large starch deposits, low in protein and iron
levels

.May develop either of the two kinds of diabetes
.Have a high sedimentation rate or settling out of
solid parts in the kody £luids

.Have impaired nutritional balance

.Have a moderate, amount of physical energy reserve
or capacity

Psychosocial behavior and attitude that are commonly
affected:

.Emotions are often mixzed and jumping between hopes
and frustrations

.Have a good occupational potential

.Have some degree of self-motivation to get around
their disabilities limitations and/or to conquer
their limited ability

.Have good potential of socially integrating and
cormunicating in public facilities

.Have good potential of getiting outdoors

.Have potential of restoring confidence in themselves
and what they can do

.Must rely on wheelchair for convenience

.Have a moderate to full amount of orthotic device
leg support along with full crutch support

147



137

5.1

COMPLICATIONS OFTEN RESULTING FROM CHARACTERISTICS
.Have rigid or uncontrollable foot joint action
.Weak arch support and bone structure

'.Develop arthritis in lower back

.Develop lumbar root compression, a pinching of the
cauda equina nerves

.May develop acute lumbar lordosis due to semiambulation
muscle strain and fatigue and poor pelvis support

.Strain quadriceps of leg extensor muscles

.Develcp sores and destroy nerve endings under arms from
a great deal of crutch usage

.Minor circulatory pooling in low, lower extremities
(feet)

.Genitourinary infection potential is minimal to
nonexistent

5.1
INABILITIES ATTRIBUTED TO AFFECTS OF CONDITION AND
COMPLICATIONS

.Unable to lift and swing legs forward with any control
or strength

.Unable to functionally move in vertical posture without
the full aid of crutches

.Unable to move in vertical posture with full bracing
for any practical distance

.Unable to fully realize or perceive where their lower
limbs are beneath them unless they watch them

+Unable to stand with bracing for long lengths of time

.Unable to move up and down without fatigquing rapidly
(in sitting to standing particularly)

.Unable to stabilize hip joint and thigb action
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5.1 (Continued)
.Unable to stabilize hip joint and thigh action
.Unable to use ankles

.Unable to pick themselves up from fall unless they
"worm up" against a wall

.Unable to make quick and/or abrupt locomotor direction
shifts '

5.1
OVERALT, PROBLEMS RESULTING FROM CONDITION
.Lacks subconscious ambulation ability

.Have extremely limited duration and distance semiambulation
capacities

.Approximately one block of full semiambulation effort and
© Will be extremely exhausted

.Have insecurity and subconscious fears about using full
bracing for daily semiambulation

.High potential of stumbling and falling, fracturing bones
and causing injury due to fall

.Have limited low extremity range ability due to tightening
of ligaments

.Inconvenience of relying on orthotic equipment daily

.Difficulty of getting in and out of orthotic equipment, .
and maintaining it

.Quickly fatigue with changing activity postures

.Have extremely limited use of crthotic devices over
and/or about varying surfaces and in varying climatic
conditions

.Have very limited speed range with full orthotic device
and/or braced semiambulation

.Lack thigh-pelvic strength, control and coordination
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5.1 (Continued)

.Procure low backaches znd discomfort from short term use
of equipment to support semiambulation

.Only able to extend liubs as far as their everyday usage
reguires

Yot all will be able to establish an excretory and
voiding pattern

-Reliability and dependability of existing urinary
appliances is poor to fair (particularly females
disper-type)

A lot of water drinking is necessary, yet becouwes harmful
thru time

.Complacancy towards being physically active

.Current urinary appliznces often have leakalye problecz
and tend to add vo chances of picking up mrinarxy
infection

1572
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5.1
OVERALL NEEDS ERESULTING FROM BIOLOGIC DEF ICIENCY
AT THIS CONDITION LEVEL

Biomechanic need is for:

-« Increase pelvic strength
Increase pelvic rotation capacity

.Reinforce the low back musculature ‘
.Reinforce and support flexion and extension about
the knee

Jull low abdominal cavity support

.Puysical capacity to easily, without fatigue, reach
public facilities, despite their physical barriers
Elimingtion of dlstance and duration constraints on
locomotor activity

-Full walking capabilities, minimum but independent
stair-climbing and ramp or incline ability
.Moderate base of support reinforcement for each leg

Neuromuscular need is for:

+Full lower extremity bases of support coordination
.Cooxdinate lower extremity bases of support with
pelvic and trunk coordination

.Reinforce hip and knee control

.Control ankle

Sensory neced ig for:

.Position feedback between lower extremities and pelvic
girdle

.Replace missing hip joint feedback ]
.Feedback from the bases of support in lower extremities
.Direction feedback from lower extremities

Biochemical need is for:
.Protection of lower extremities tissue from external

thermal change and/or conditions .
.Fully aid lower extremity blood circulation

-
71
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5.1 (Continued)

.Maintain an infection~free urinary tract and/or
eliminate any urinary tract infections

.Balance bowel-bladder furnictioning to decrease the
chances of kidney failure

.Eliminate bowel stoppages, irritation and bladder

. tension

.Decrease all urinary problems in order to hawve full
occupational potentials

.Large amounts of water daily to prevent and/or control
urinal and kidney infections

.Enpty uncontrolled bladder every 3-4 hours

.Establish an excretory, voiding, and eating pattern,
within two year's time (approximately 80% reliably can)
.Protect and not disturb urinary appliances, puncture
bags pull mountings loose, etc

.To become appliance free

.Two-three liters of water per day

.To eliminate compression on visceral organs by insuring
full trunk suspension

.To extend visceral cavity in order to manage bowel-
bladder functioning and metabolic balance

.To reinforce nutritional balance

.Increase nutriment balance and metabolic rate, to
resolve tired blood problems (increase iron)

Psychosocial need is for:

.Elimination of thie huge amount of orthotic equipment
needed to have semiunfunctional ambulation

.Full walking (vertical locomotor) task ability

.Safe movement thru space

.Full occupational potential

.Full daily activity potential (does not need, however,
to run, jump or be able to compete in competitive
activity)

.Increase self-confidence

.Increase visual acceptance

.Increase functional ability to perform

.Minimal social harassment
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a4
The unique character of rheumatoid arthritis is that,
a'degenerative lack of movement range, in the connective
tissue and joints occurs., First, the small and then the
major joints soften and swell up, stiffen and can stop
moving. The contractural deforming forces are continually
increased as, muscle strength.and coordination diminish,
Both their postures and internal organs are seriously
threateﬁed. Weight bearing, activities are impossible
or painful. Full thermal protection of their bodies is
a necessity. Pain -and the contracturing forces may both
subside later in life but will leave them with a psrmanent

disability.

10579
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b8

The unique character of lumbar sacral
paraplegics, somewhere between a first
Jumbar to a first sacral, spinal cord
segment injury or bl ockage, is that they
all have some varying amount of pelvic,
hip and possibly knee strength. However,
they are not able to stabilize their
legs about the respective hip joints.
Many will have a moderate amount of low
back, zbdominal and quadricep musculature
stre' gth allowing them to support their
kne 3 in extension. 1In fact some are
able to stand for indefinite periods of
time with current supportive equipment
although quickly tire when trying to
lift those same legs with their quadri-
ceps in a nonfunctional semiambulation.
"Drop foot" (an inability to flex foot)
will not be‘gone and they are still
lacking any ankle and knee flexion power

and control.
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The unique character of spina bifida is that it results

from improper growth of the vertebrae tissue, which in

turn causes a defect in the spinal cord's canal. A full

to moderate amount of unevenly distributed muscle weakening
and sensory paralysis loss below the affected area occurs.
Approximately three out of every one thousand are born with
the defect, which cccurs in three variations, as of date.
In all variations the vertebral column and spinal cord are
very sensitive to any pressure or sudden movements.

b9.1
The uniqueness of the meningocele type is due to an

irregularity of the spinal fluid flow caused by the
abnormal'vertebrae growth. The fluid is collected or pools,
abnormally within the skull until the skull enlarges. It

is then referred to as hydrocephalus or water head.
Hydrocephalus is the most common of the three types.

b9.2
The uniqueness of the meningomyelocel type is due to an

irreqgularity where spinal fluid collects in a sac, along
the dorsal or postefior of the vertebral column and often
protrudes out from the back.

b9.3
The uniqueness of the hernia type spina bifida is caused

when a hernia-like slippage of the spinal cord's canal
occurs. An abnormal opening in the malformed vertebrae
allows the cord's canal to slip and it is thus damaged

between the vertebrae.

1855
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CONDITION VARIABLE G

Contracturing is a tightening and/or shortening of the
body masses tissues. It can occur both unilaterally or
bilaterally in any asymmetric patfern. The amount of
contracturing is directly related to the amount of existing
body warpage, movement capacity loss, and abnormality of

musculature tension.

It is indicated as a common tThreat to nearly all non-
ambu;atories. It will usually lead to painful, noncongenital
body warpage and later deformity. Without control both
severe soft and then hard tissue contracture occurs.

Without contxol it is impossible to maintain Ffunctional

pexformance capacities, alignment or comfort.
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G
GENERAL CHARACTER OF
MODERATE TO FULL CONTRACTURING OF BODY MASS

.Stiffening of the joints and contracting of muscle fiber
Length

«A lack of limb and muscle use or spasticity will normally
cause

.Soft tissue contracting will begin and cause contractural
deformity thxu tine

«Ihe body segments take on an abnormal bend thru progressive
.stages of tightening

.It occurs as often in those with hypertonic (spastic)
musculature as those with hypotonic musculature (flaccid)

.Normal joint extension and flexion ranges are often
tighiened up, causing a rigid contracturing state as the
limk's range diminish

Contracturing may be very slow and progressive or very
fast and unpredictazble, as when accompanying spasticity

.The body secments contract and rotate inward as range
0f motion decreases

Spastic contracturing is more often painful

P .Pain does resull particularly whean attempting to stretch
e - .‘out contracted limbs

‘It is most often found in neural control losses,
- particularliy the traumztic SCI's

ﬁfll; WWill cecur most fregquently in upper and lower extremities
‘. ¢+ and particularly about the pelvic girxdle

1 C L Will occur most extreme and sericusly in the upper trunk,
: ' shoulder, and intercostal areas

'
|
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G
COMPLICATIONS OFTEN RESULMING FROM
MODERATE TO FULL CONTRACTURING OF BODY MASS

.Deforming forcas are progressively applied to the
skeletal framework

Muscular pull is thrown out of or further thrown out of
its natural balance

.Increases potential and occurrences of skin irritation
and subseguent pressure sores

.Asymmetric contracturing is most deforming

The bones (hard tissue) slowly contract and deform as
tne soft tissue. is continually at temptlng to tighten

.Distal contracturing often leads to proximal part
contracturing

~.There is an increase in circulatory stress and strain

G
RESTLZING INABILITIES FROM
MODERAT TO FULL CONTRACTURING OF BODY MASS

There is a decreasing inakility to move body segments
- fully about their joints

“There is a decreasing ability'to extend limb outwar
and sometimes inward if joints become rigid

E'Phe“c is increased limits to the already limited ability
Lo sit ox LesL comfortably

WIt is very difficult to align one's body visually or
gravxxatlonal;y along its vertical axis

[-
WwIt is impossible to- -stop contracturing Lorces without

’etternally app11ua resistive forces

H
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G
OVERALL PROBLEMS RESULTING FROM
MODERATE TO FULL CONTRACTURING OF BODY MASS

There is a cyclic lack of limwb use Whlcn continually
lncreases contraCQnrlng of body segments

.There is too muck

tightening up of the muscle fiber
about the joints dnd the

L

+The joints will fix or become rigid in a deformity
producing position

.Rehabilitative training and potentials are upset and
held back ,

.Urinal care and appliance wearing are complicated and
upset

«Overall care and treatment are disrupted
.The use of supportive equipment is upset and becoimes
less effective

-Will cause extra problems in wearing clothing and shoes

JWheelchair sitting promotes lower extremity contracturing

.8itting independence is decreased

-«8Self-care and occupational potentials are very limited

.Complacency will increase its severity
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G
NEEDS OF THE CONDITION VARIABLE

.There is a need for consistent daily 11mb ranging fox
at least two to three hours per day

.There is a need for active, resistive forces to counteract
the foxrces of corL acture

.Individuals must attempt to increase the use of their
muscles o '

Jeak muscle fiber and soft tissue are to be protected
from forces of contracture

.There is a need to gradually extend and stretch limbs to
as far a range as possible however without overstretching

-Stretching activities are to be engaged in and stimulated
.Lying or sleeping is to be in a prone positioning

-Inward moverent of limbs is to bé resisted in any way
possible

-Daily standing is a necessity

«Range hips, pelvic girdle, knees, toes, ankles, and the
- Qarms

,uMLnlmallj maintain a stable range of motion ability

“Alleviate any and all contracturing pain,
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CONDITION VARIABLE A

The hypotonic musculature variable is importani, primarily
beczuse of the dramatic affecis 1t has on the structural
system of the body. Body toaus or_éension is lacking
and/or goae, making the body masses hyperextensive and

unstable. The neural mechanisms are unabhle to firm up the

biomechanic syzten,

The variable is indicated belowbin the luwbar sacral’
invo;vement ievel because of its freguency of occurrence.
However, it is indicated at the acute level zliso. Boih
levels along the involvement scale ave correspondent to
the anatomical locaticas of the major parasympathetic
neural roots, There is obviously disturbance of the
paraﬂympathetié or enerqgy conservation and regtoration,
anhibliting division of the autonomic nervous system. It

also is correspondent with the contracturing variable (G).

Only control over this variable is possible, Without

control of this variable complications resulting from

~ hypotension, particularly vascular inadequacies and

functional performance orientation and comfort are

impossible.
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( GENERAL CHARACTER OF
" MODERATE TO FULL HYPOTONIC MUSCULATURE

.It is most prevalent in lumbar sacral, involvement oxr
conditions (cauda equina) and often found in acute
cervical area conditions

.The parasympathetic nervous system is disturbed, thus
limiting bocy's expenditure of energy and masking the
affects of the syapathetic nervous system

.The tonic reflex activity of the sympathetic system is
minimal o nonexistent causing a hypotonic or f£laccid
muscular toaus

.The autonomic nexvous gystcm s counterbalancing is out
of balance and now favoring the inhibitory side

.The neb?Oﬂuncula” counterbalancing is disrupted
; .Mininal to fulL autonomic hyporeflexia accompanies
A great deal of soft tissue atrop xy will result

o ' .It is not as common a condition variable as the :‘gld
C or hypertonic musculature condition variable

It is uncontrollable, with @ great lack of muscular tone

' JLigament tightness is gone

R .Limps are often overstretched beyond their normal range.
Co and become elastic in looks and benavxor

L]

LWMuscle tissue is soon soft and Zlabby

nt uncon““olldole body motion occurs and is wobbly
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COMPLICATIONS OFTEN RESULTING FROM

MODERATE TO FULL HYPOTONIC MUSCULATURE LOSS

.Bones are very easily dislocated from their joints
.There is a uncoordinated limpness of body mass segments

.The tearing of ligaments is a constant thrcat due to
overstretch

.Bones are very susceptible to fracturing
.Soft tissue atrophy is extreme

.Blood vessel expansion and swelling will occur, due ©o
vascular dilation

.The capillary and vein strength. is very weak

.There is a decrease in blooé pressure with low pulse rate
-Will lack proper body heat and/or are hypothermic

.Will have low body temperature most éf the time

Will have a low metabolic rate and heat output

A
RESULTING INABILITIES DUE 7O
MQDERATE TO FULL EYPERTONIC MUSCULATURE LOSS

.Will be unable to hold limbs or joint rigid, particularly
‘when at rest

JVill e unable to maintain secure joint sockets for
_rotation

LLimb and body mass positions are hard to control

.Unable to stabilize their muscular tension thus it
‘becomes very hard to keep still

;Limbﬁgare unable to 1ift, pull,. or push anything

' i
«As of date is incuvrable
é . : :
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A
OVERALL PROBLEMS RESULTING FRO!
MODLERATE TO FULL EYROYONIC M "c‘ ULATURE LOSS

The muscular skeletal framework is in a collapsing
condition

.The limbs are too elastic and will easily overstretch

.There is too much limd extension
.Body segment movement is uncontrcllavle

+Hard and soft tissue atrophy (bone and muscle fibex, etce)
are extremely difficult to stop

icult to control and/oxr rxebalance

m

Vascular dilation is di
-Body temperature is usuvally too low and is hard to balance
.Complain of being cold

«Rehabilitative potential is greatly ﬂlmxn;sn@a

.Dependency partially increases as it is more difficult

to malntaln self-cure
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A
NEEDS OF THE CONDITION VARIABLE

.There is a need to stabilize and control all joints and
their mass segnents

.There is a need to stabilize the entire iuscular skeletal
structure

.It is essential to properly aligan the entire body

Overstretching of ligaments or of limbs is to be guarded
against

«Fracturing due to any extraneous impact or weight bearing
strain are to be guarded against

Juscle and tissue tone are to be increased to their
normal nax1mum '

.Mass segment 1ncoozdlnatlon is to De decreased
.Legs are to be move d in any way possible

.Caplllary and venous streagth are to be reinforced and
incx eased

.,

ed .@s nuch as possible

0
f.l

.btandlng is to be promoted and zid
.Bonc s*"engch is to bc 1nc“ ased by making calcium to
retuxn to the tl" na

.Body is to be stabilized to insure restful postural
" positioning

st
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6.1
GENERAL CHARACTERISTICS
RESULTING FROM BILATERAL LOWER EXTREMITY BIOLOGIC DEFICIENCY

Biomechanic parts and performance that are commonly affected:

.Have full pelvic girdle rotation strength and integrity
.Have moderate hip joint strength

.Have functional appliance, semiambulation, vertical
locomotion capability

.Have up and down elevation activity ability

.Have moderate to full, thigh-shoulder action capacity
.Have a moderate 1oconotor duration and distance capacity
.Have minimal to no thigh-leg and leg-foot action ability

Neuromuscular parts and performance that are commonly
affected:

.Have full pelvic girdle balance and control (stability)
.Have minimal to moderate hip joint control (stability)
.Have minimal to no knee control

.Have no ankle control

Sensoxry parts and performance that are commonly affected:

.Have limited feeling or sensitivity

.Have poor limb position and direction feedback or
awarensss _

.Have little full leg voluntary action ability
.Have little to no extensor reflex response in legs

Biochemical:
.Have full respiratory capacity and ability

.Have minimal to moderate tissue atrophy
.Have poor lower leg and foot thermal protection

.Have complete bowel-bladder balance and control

.Have venous pooling in feet and ankles

.Lower leg and feet capillaries are weak

.Have swelling in feet when making abrupt postural
change to standing

.Have lymph circulation which is impeded in prolonged
standing causing lower legs and feet to swell
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6.1 (Continued)

Psychosocial behavior and attitude that are commonly
affected:

.Have a commanding way of communicating with others
.Have full respect and little to no harassment from
others

.Can perform and act as leaders when given the
opportunity

.Great deal of motivation

.Frustrated by inability to functionally move about
on nonsolid surfaces

.Often only require leg bracing from upper thigh on down
.Stiff leg gait is practical

.Don't need crutches, etc., to semiambulate, but often
use to protect against falls

.Have moderate to full occupation freedom and full
potential

.Become annoyed by the inconveniences and precautlons
required when using bracing

6.1
OVERALL PROBLEMS RESULTING FROM CONDITION

.Minimally need some sort of mass support from the high to
midthigh down

.Poor foot arch support

.Poor foot surface protection causing extreme callousing
and/or skin breakdown

Weight of supportive equipment is too great
.Unstable knees

.Amount of lift pelvic girdle must supply in order to
maintain vertical locomotor, semlambulatlon (which is
still unfunctional)

.Unable to perform in even semiskilled motor activities

.Extreme fatigue in attempting to move over anything
but flat and hard surfaces »

.Unsafe to move over grass, gravel, or any unstable
surfaces

—
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6.1 (Continued)

.Poor fitting supportive devices which exist that are
causing surface irritation and sores

.Great deal of shin irritation

-Requires great amount of conscious effort to move in
described fashion without using crutches

.Great deal of falling due to stumbling

6.1

INABILITIES ATTRIBUTED TO AFFECTS OF CONDITION AND
COMPLICATIONS

.Unable to independently locomote thru space without some
kind of lower leg and knee support stabilization

.Unable to fully control the placement of each leg
movement

.Unable to fully range limbs independently

.Unable to gracefully move thru space in a more natural
pattern of movement

.Unable to fully push or swing legs forward

.Unable to push with feet (no metatarsal-foot action)
.Unable to control "drop foot"

.Unable to functionally rotate leg segments in locomotion

.Unable to travel up and down full staircase without
extreme fatigue and caution

.Unable to lift legs for more than moderate durations
of time particularly up and down any inclines without
fatique .
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_ 6.1
& COMPLICATIONS OFTEN RESULTING FROM CHARACTERISTICS

.Great deal of physical fatigue
.Tightening up of limb's extension ability (range limits)
.Alignment problems

.Lack of neuromuscular balance and/or stability in limb's
mass segments

.Susceptibility to lower back stress and strain causing
backaches and difficulties

.Minimal atrophy of bones or tismue causing a slow down
in their proper growth

.Minimal amount of demineralization of bones
.Bursting of blood vessels in feet

.Breaking of bones in lower limb

6.1

OVERALL NEEDS RESULTING FROM BIOLOGIC DEFICIENCY AT
THIS CONDITION LEVEL

Biomechanic need is for:

.Full lower. extremity, leg lifting capabilities
.Ankle flexion and knee flexion capabilities
.Foot-metatarsal (toe) joint actiocn

.Horizontal rotation of limb mass segments

.Full leg extension capability

.Have full, normal vertically erect, locomotor
‘capability and potentials

.Perform all gross motor skills

.Exercise the neck, trunk, and upper limb muscles
.Increase all of their muscle fiber size

170



159

6.1 (Continuedd)
Neuromuscular need is for:

.Sequence and coordinated leg action

.Coordinated bases of support action

.Stimulate, redevelop or reinforce neural pathways
.Fully balanced support bases

Sensory need is for:

.Feedback as to where bases of support are
.Feedback and control between center of gravity
location and bases of support

.No conscious effort demands to productively move
thru space

Biochemical need is for:
.Increase endurance

.Eliminate venous pooling in lower legs and feet by
increasing muscle action

.Aid capillaries to withstand increases of blood
pressure when standing and during abrupt postural
shifts ‘

-Slow down abrupt blood pressure flow going down to fe=zt
.Protect against any circulation stoppage in legs
.Increase the veins and capillaries strength by
increasing their use thru exercise or increasing
contraction against the veins

.Gradually decrease bone atrophy (rapid aging) and
stimulate new cell production in bones again

.Soft tissue massage and support in lower extremities
to replace deficient muscle action

Psychosocial need is for:

.To make safe abrupt direction changes, climb stairs
and inclines without fatigue

.Increase their visual acceptability

.More maneuverable in physical surrounds

.Full locomotor capabilities over common, semistable
surfaces

.Move in a more natural manner and pattern

.End frustration of using complicated and cumbersome
supportive devices
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The unique character of any full lower extremity amputation
malformation or deformity is that, for one reason or
; another no hip joint stabilization occurs. Either an
extreme bilateral limb loss with the mass massing has
occurred cr the lower extremities are so very twisted and
out of align. In either case, with existing supportive
equipment it is impossible to move thru space or stand

for any period of time in a vertically erect, functional

manner.
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USING THE INFORMATION SYSTEM

What Are Existing N.A. User Needs and Ability:

Each particular handicapping éondition level is broken
down into the four major biologic systems. In order to
perform any task we rely upon our biologic systems and
subsystems for biochemical, biomechanic and neurcsensory
support. The biochemical subsystems in task performance
have the responsibility to insure that the entire system
has enough metabolic or chemical energy (balance} and
respiratory oxygen supply balance to initiate and eustain
physical activity and to power the neurosensory. The
biomechanic subsystems are the largest users of the energy,
as their major responsibility is to provide the necessary
static and dynamic forces in combination with structure to

carry out the physical activity demand. The neural sensory

systems have the responsibility of ccordinating and equating

the efforts of the entire system with regards to its
internal state, balance external influences and mental

voluntary and automatic task demands.

The corresponding psychosocial character of the condition
level is also given. éhe total needs of the particular
condition level alone are provided. From this information
and its given sources it also is possible to determine the
particular level of the condition plus its existing

performance ability. Thus, we are able to quickly review

179
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ko total condition requirements which can be further broken
down into their respective biologic subsystem categories for

further examination.

Determining the Overall User Redquirements

In order to determine the total requirements for existing
user needs and ability, all condition levels of biologic
deficiency and their associated variables below the highest
involvement level are to be taken into account. The sub-
sequent needs and ability of each level are added up
(cumulative) with the others, below the level of

involvement.

This is when the overall existing user needs and ability
can be formulated. Next we must determine the advantageous
user requirements which are independent in nature and will
vary a great deal. The advantageous user requiremeﬁts that
are given, primarily came from clinical (psychiatric and
medical care) work with the N.A. Most of what is
considered to be advantageous is based on the current
medical pracfice, state of the art and past clinical
experience. What's considered advantageous today

clinically will thus be subject to change.

The Physiologically Advantageous User Requirements

To date there are primarily three artificial means in which

to physiologically attempt to rehabilitate, aid or restore

174
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the non-ambulatory organism (N.A.). Two of these means
which have not been discussed include the application of
physical treatment, or care and therapy. Both physical
therapy and care are concerned about prevention and

correction of organic deficiency.

Care is typically aimed ét reducing and eliminating the
effects of complications while trying to control and avoid
new and old reoccurrences. The typical objectives of care
are to first increase the organisms movement potential

and use of hands.

Ultimately, care treatment is most advantageous if it can
allow the individual independent self-care maintenance.
Prevention and correction of contracturing and pressure
sores are the most common, and rate the highest in care

priorities.

Probably physical therapy and its means of application have
developed more rapidly than the means of care. Therapeutic
treatment is normally applied in order to minimize the
resultant affects of handicapping deficiencies. Both therapy
and care needs and requirements are closely related. But
therapy is more directly involved with the biomechanic
portion of deficiencies, while care is directed more towards
the biochemical deficiencies and integrity of the organism

as a whole. Therapy, as its means of treatment, is primarily

concerned with moving body mass segments that are unable to

179
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move and range by themselves. Therapy in a sense is
reinforcement for the care. Because in physical therapy
there is a daily priority to keep the N.A. organisms as
physically active as possible and to passively guide and
stretch out the mass segments. Therapy is thus concerned
with passively maintaining as normally as possible body
mass extension while trying to increase muscle fiber
strength, enduiance, and energy reserves and attempting to
maintain old or stimulate the development of new neural

pathways.

A systematic approach to therapeutic activity is normally

'~ taken, due to the minimal energy capacities of most N.A.'s.
A great amount of dedication, time and effort go into this
care and therapy treatment, but only a certain percent of
the N.A.'s will ever respond to it. Both care and therapy
personnel are understandably overworked and are unable to
give full attention, or sometimes even meet the patient's
minimal treatment needs. This, of course, increases both
.the mental and physiologic pressures placed upon the
patients, who in turn have that much less of a potential

to rehabilitate.

Advantageous Aids

The amount of potential physiological advantages that could
be derived from the development and proper interfacing of

new aids are unlimited. But first care and therapy

o

17
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pexsonnel need to be relieved of th= burden of having to
manually assist nearly all N.A. patients. A great deal of
artificial aid is needed in this area. Non-ambulatcry
indi&iduals often leave the care and therapy wards with a
certain amount of self-care and performance ability, but
within weeks outside the ward they lose it. Artificial
aids for home care, therapy, and recreation are needed. 1In
general; artificial aid is needed to support what can't be
naturally supported by the organism and provide the N.A.
with an independent and new way of controlling and using

their bodies.

1777
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RANDOM FACTORS CHECKLIST

What is Physiologically Advantageous

Physiological advantages or beneficial care for the N.A.

can be broken down into categories 6f: biomechanical
advantages, therapeutic and artificial aids that are
stimulating to the organism and its neurosensory mechanisms.
F.iochemical édvantages from therapeutic care that are

potentially beneficial can also be classified.

It is therapeutically advantageous and biomechanically
beneficial to:

.Control and maintain a symmetrical pelvic base

»Encourage proximal to distal recovery

.Strengthen and control prcximal body segments first before
the distal ones

.Control the entire leg by controlling the ankles
.Control extraneous or low muscle tension

.Maintain proper ligament and tendon muscle fiber lengths
so bones don't contract and deform

.Control reflex activity in the body

.Move or be as physically active as possible

.Engage in gross physical activities

.Have maximum daily (physical) activity level

.Strengthen all trunk musculature

.Prevent any deforming forces in the body

-Keep joints in their natural alignment

.Put stress and weight bearing on bones in the affected
areas

.Stand and decrease bone brittleness by returning calcium
to the body

.Restore missing or altered balance mechanisms

" «Substitute for damaged or missing action components

.Substitute for any missing, damaged, or altered (shifted)
parts of the gravitational axis

.Substitute for any missing support under the shoulders

.Put traction or stretch on the low spine

+Rest low spine on the illium (pelvic girdle)

.Maintain full pelvic extension and flexion ability
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Alignment is beneficial if it:

.Reinforces bilateral orientation to anticipated
manipulations

.Reinforces visual resolution (localization)

.Maintains freedom of trunk to align, change alignment,
and freely return to alignment

Passive ranging is beneficial if it:

.Maintains or increases a stable range of limb motion
.Increase weight put on body segments being ranged as
ranging repetitions increase

.Extends and/or stretches body parts and limbs as much
as possible

«.Is kept up for a minimum of two to three hours daily
.Is kept up for more than three hours if hypermuscular
tension exists.

.Extend the hips, knees, and toes first; then chest muscles,
upper shoulders and upper extremities

.Passively ranges limbs that are not fully ranged thru
daily use

«.Increases joint mobility and aids circulation

Movement patterns are beneficial if they:

.Stimulate gross rhythmic movement of body parts first
.Move thru and mimic natural spiral and diagonal counter-
balance motions

.Promote smooth, cyclical repetitious activity

.First develop bilateral balance and counterbalance

.Help rebalance peripheral neuromuscular imbalances
.Stimulate repetitive body action

.Use reflex points for quick movement or support of desired
patterns

.Increase the involvement of trunk action and movement in
patterns

.Keep reflex arcs active and use them

.Safely increase participation potential in active
recreation

.Stimulate and increase the amount of movement ability .
«Enhances the organism's health

.Can be developed into controlled performance activity
.Reinforce good head control and balance

.«Help channel energy (strength) from above in unaffected

body areas to the affected areas

179



168

Sensory stimulation is beneficial if it:

«Increases the sense of alertness

«.Increases awareness of performance ability

.Substitutes for any missing sensory feedback losses
.Helps regain basic peripheral sensitivity to position and
direction of body parts

.Enhances or sharpens the remaining sensor functionings
and ‘vision or audition

.Enhances any existing vertebral reflex responses

It Is Advantageous and Biochemically Beneficial To
Provide Therapsutic Care ,

Hard and soft body tissue and fiber care is beneficial if it:

.Prevents pressure sores or any skin infection

.Stops demineralization and subsequent bone brittleness by
returning calcium to bones

.Increases hard tissue strength

.Increases muscle fiber strength and endurance

.Can. protect the skin from abrupt changes in force or energy
.Can protect tissue from any strony or abrupt stimuli
.Keep the soft tissue healthy, dry, but not flakey
.Protects the feet

«Stops or decreases neurogenlc atrophy

.Stops muscle fiber atrophy

.Protects weak muscles from stress or overstretch
.Increases muscle tone in the vertebral musculature
.Avoids abrupt body twisting or turning and lifting strain
.Can be frequently inspected (particularly in anal and
‘groin areas

.Protects prominent bones of the tip and pelvic girdle
.Protects already infected body tissue

.Can stop atrophying before the first four to six months
of defxclency pass by

.Maintains the proper skin moisture and thus body surface
elasticity

Respiratory care is beneficial if it:

- «Helps to regain lost respiratory capacity and eventually
increase endurance
.Can support above chest to uplift diaphragm, in sedentary
- postures
.Helps muscles to regain their oxygen debt
«Provides chest uplifting and stretching thru manual and
. positive pressure
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Circulatory care is beneficial if it:

.Can slow down circulation in legs and feet

.Can decrease sudden pressure changes in legs and feet
.Increase veins and capillaries strength by increasing
their use thru exercise

.Maintains proper blood supply to the spinal cord at all
times

.Decreases stress on the cardio vascular system

.Can keep heart rate below a maximum of 120-130 beats per
minute

Thermal care is beneficial if it:

.Does not allow the deficient human organism to become hot
or cold

.Externally can control localized or borderline perspiration
.Can be maintzined slightly lower than normal internal

body temperature, to decrease oxyden requirements of the
living tissue

Metabolic care is beneficial if it:

.Can keep the metabolic rate below five calories per minute
.Is accompanied with a controlled pattern of urinary

output, bowel consistency, fluid intake

.Can properly cope with abrupt situations or climatic changes

.Can vary with daily activity changes and environmental
changes

Bowel and bladder care is beneficial if it:

.Can maintain clear urinary and bowel tracts

.Can help the human organism adapt to new ways of controlling
and using the body

.Maintain an infection and bacterial-free state

.Can decrease sedimentation within the body

.Keep urinal fluids diluted

.Can assist overworked kidney functioning

.Can in%itiate and maintain a pattern of voiding,

evacuation and eating ,

.Can help decrease the body's requirements for watexr

.Can assist bowel and bladder functioning by allowing
stretch and exercis2 of low back and abdominal musculature
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REQUIREMENT CHECKLIST

Theraveutic Potentials of Artificial Aids

«Should be usable in a graduated rehabilitation program

.Should be able to adjust or graduate the system's range
to some degree

.Should be usable each day in order to maintain a daily
actzv;ty schedule

.Should allow user to 1ndependently stand for prolonged
periods of time without fatigue

.Should provide user with a limited locomotor (movement)
capacity without any fatigue

.Should sense, amplify or reinforce weak neural signals

«Should stimulate muscles into patterns of actxon‘wlth
electrical impulses or vibration

+Should move and support body segments in accordance with
natural timing

.Should support and reinforce reciprocal segment motions
first

-Should provide extra protection zround existing pressure
sores and/or around common pressure sore locations

«Should protect all bony points and bony ridges that are
in affected area, particularly along exterior surface
along the vertebral column

.Should automatically support, move and guide limbs thru
daily ranging exercise requirements beyond the daily
movement pattern

.Sthld provide sp1ra‘ and dlagonal (natural) patterns of
body segment ranging for xt is most effective (Knott
and Voss 1966)

.Should use electrical energy transfer (impulses) to
control, guide and obtain its feedback

«Must provide even pressure about the entire involved
body segments-

182
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Therapeutic Potentials of Artificial Aids (Continued)

.Should allow limbs to engage in 8-12 hours of daily
activiiy or cyclical stimulation

.Should allow user to extend and abduct their legs
(straight leg ranging)

.Should stimulate extensor reflex at sole of the foot
.Should allow N.A. to extend or stretch the hips daily

.Should help to increase the capability to swim and
participate in water sports

.Should integrate with or use existing skeletal framework,
if remaining .

.Should only help maintain the keneficial range that is
required daily

.Should allow more asymmetrical ranging of one part or
area in order tc oppose forces of imbalance

.Should provide carry over value in any support aids,
as well as diversification (flexible usage)

.Should first support and insure good posture and
respiration ‘

Overall Therapeutic Aid, Care Ccunstraints and Precautions

.Must move body segments that are involved or affected
passively or not at all

.Should avoid any tightness or continuous rubbing on
affected areas

.Should not allow two skin surfaces to rub against each
other '

.Must avoid any rubbing, etc., around any bony prominences

.Must evenly distribute and minimize pressure on any major
bony areas

.Must protect against any incidental stress or pressure
on body '

.Should be able to adjust to take into account varying
degrees of individual condition variance within the set
condition levels

180
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Overall Therapeutic Aid, Care Constraints and Precautions

(Continued)

.Should have a certain degree of condition flexibility
.Should have a certain degree or flexibility in controlling
amount of range and/or movement capacity within the set
condition level

«Should require a minimum amount of physical effort to use
.Should not provide those wiith moderate to acute cardio-
vascular or kidney compliicatioas with movement or
locomotor support

«Should not provide N.A. with degenerative conditions any
full locomotor, support aid

.Should protect against hot or cold surface contact

«.Should not depend upon surgical fusing, etc., of vertebral
column to insure proper balance and stability

.Should not cause or stimulate any swalling in foot or leg
.Should not cause or stimulate pain

«.Should minimize use of straps in uvnaffected areas

«Should not use straps in (nonsensitive) or affected areas

.Should minimize the use of any artificial electrical
stimulation '

«Should not introduce aids until condition stabilizes and
individuals are fully able to use

«Should not require any static (stable) corgets on chest
area

«Should help minimized chances of embarrassment due to
lack of bowel or bladder control

.Should not cause feelings of confinement

.Should minimize compression of abdominal viscera and
lower back areas

" «Should not allow limbs to be ranged to normal extremes

.Should not allow joints to become rigid from disuse

1RaG
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Overall Therapeutic Aid, Care Constraints and Precautions

(Continued)

.Should not allow quick or compressive twisting or bending
of vertebral column

.Must protect vertebral column from any outside pressures
or impact

Designing for N.A. Children and Aged

"Growing bodies are influenced by their surrounding
energies and forces." (D. B. Harmon 1965) This is evident
and important if we understand the biologic differences

and demands of the varying growth and development stages

of the normal human organism are more than anatomical in
charactet. This, I believe, is true and more important
when concerned with the non-ambuiatory organisﬁ‘s growth

and development

Clinically, iﬁ has beeh found that handicapped children,

or those who are still in a period of biologic developnment,
will usually have the greatest potential to maintain and/or
restore gsome of their lost capacities which minimizes their
deficiencies. This potential is there and should be A
capitalized. what is advantageously done for them at an
early age will influence their functional existehce the
rest of their life. However, this potential is rarely met,
particularly by those who can determine their life style.
In fact, a Qreat many handicapping conditions are at first

not a non-ambulatory condition, but only become so thru
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time and lack of proper support. Because their already
sensitive growing bodies are unable to cope as well with
the deficiencies brought about by the condition and they

soon become increasingly deficient.

This study has not been able to go into these particular
problems, but there are some major design criteria

emphasis changes that should be made clear.

If we are concerned with designing for the growing handi-~
capped organism and developing specific information which
can be readily used to make valid design decisions, then
We must understand what need changes occur and how they

correspond to the varying stages of growth..

I believe there is an intimate correlation and yet
difference between at what age of the growth development
period the condition strikes with its initial handicapping
affects, and how, thru time the affects change in

character, increasing the deficiency.

Literature emphasizes that non-ambulatory children are
more than anything else, threatened and often grow up with
a progressively acute and later permanent deformities,
‘Bad childhood postures are leading them into being
multiply involved handicap conditions. The slowing down
and disruption of the natural %éﬁe growth and development

are attributing factors. They usually are found to have

185
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extremely underdeveloped, tender and weak trunk, spinal
and pelvic musculatures that are more sensitive to
imbalances, and less stekle or stronyg than should be aﬁ a
normal development stage. Also during the bone develorment
stage the center of gravity is higher and the pelvic girdle
tends to tilt forward, increasing deformity and spinal
collapse even further. The shorter the non-ambulatory'c
adolescent growth or development deiay period is, the less
biological makeup is required to catch up. "Providing it
is still done during the development stage of the mechanism.*®
(D. B. Harmon 1971) - Thus, it seems the&sooner optimal aid
and support can be given after initial onset the greater

' the chances of positive rehabilitative response., We can
'only go on the fact that any delay in growth during the
organism's growth stage due to disability, will alter the
body segments and mechanic growth chafacter. The younger
this occurs, the greater and mcre severe the alterations.
The length and cause of delay will determine how great

these affects will be.

This study was not able to study the influences of onset
age, condition nature, potentials and cause, and what
affects and correlations, if any, they make on developing

non-ambulatory design guidelines,
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There will ke a need in the future for further investigation
into the particular ne=ds of N.A. children and the aged both.
Aged, for example, have more structural instability in the
spine. Their lumbar spinal columns often flatten out and
fix, while their centers of gravitiy tend to move forward

with increasing age.

Here is how needs for new support, sensory aid and
stimulation, flexible kinds and amount could change and/or
alter the amount of time required to make up for the growth

delays and affects in such biologically deficient bodies.

What is Psychosocially Advantageous to the N.A,

Physical manipulation of the deficient body that is
psychosocially advantageous, will benefit and aid the
N.A.'s ability to adjust to their involuntary imposed life
styla. Life style is primarily concerned with how one
lives, performs and behaves, and in what manner desires

can be met. An individual life style is characterized by
a continuous series of events that are determined by innate

drives, desires and perceptual motivations.

Basic survival drives are in all individuals. There may
be manyvdesire variables, however, drives are quite
consistent among individuals. Basically, the N.A. and the
‘healthy individual have similar survival drives, although

priority of desires may differ. Natural drives are sought
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first before essential and unessential desires. The less
performance ability the N.A. finds he has, the greater his
desires are likely to be. The degree to which they can
physically adapt to their deficiency, to a great extent,
will determine the amount of psycholoéical and social

support they need.

Primarily there are four categories in which toc approach
the N.A. psychologic and social desires, or needs. The
N.A.'s daily living, personal acceptance, norm group
acceptance andvoccupational.needs are all very closely
related. But in all four cases some sort of adjustment on
the N.A.'s part must be made, if they are to f£ind living

worthwhile,

Daily living adjustments are primarily concerned with
self~-care independence. The unmatured or adolescent aged
N.A.'s, are most frequently found, yet ironically least
emotionally ready to meet the massive demands of dependency.
All of the adolescent, age groups, independent desires will
often conflict with the dependency adjustment demands.
Increased emotional stress at this age is ﬁhe result. The
problems of being unable tc independently meet daily living
needs are correlatéd to the emotional problems of gelf-

acceptance.



178

How someone feels about never walking again is an
unanswerable question! The perspective in which the N.A.
individual views himself and feels about himself are going
to result from how well he can manipulate within his
physiczl surrounds. Their feelings of how others view them
and respond, will also affect the acceptance behavior.
Their self-image is often destroyed, or never developed.
There is{a loss of important sensory input to their
individual ego. Ego or personal acceptance is quickly
diminished as their visual appearance and social integrating
capacities are upset. If praservation and personal
advantages are threatened, adjustment becomes more

difficult.

Factors concerning personal and norm group acceptance are
complexly interwoven. The N.A.‘'s xole in the family can
take an unfavorable turn, in many aspzcts, and can greatly
influence their behavior and minimize their possible
ability to cope with their deficiency. Individual, sexual
and occupational role factors are majorly involved in
personal and norm group acceptance. Sexual inadequacy‘is
more often found to disturb the males than females. The
loss of sexual identity is a major fear which accompanies
many N.A. conditions. A great deal of personal bitterness,
and in marital cases, family conflict often arises due to
this problem. The loss of occupational potential is also a

cause of family conflicts. Overall increasing the N.A.'s
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occupational potential is one means in which they can
decrease both their personal and norm group acceptance
difficulties. Extensive emotional adjustment problems and
conflicts occur because of their inability to meet the
minimal living needs and roles in the home and in society.

If not minimized, the problems will often affect and diminish

later life potentials and interests.

How can the N.A. individual change their way of thinking
and doing in order to cope with a deficient life style?
Those unable to adjust will tend to emotionally avoid or

" accept the reality of their condition, by not working
actively to rehabilitate or increase their life style
potentials. As the facing of reality is held back, an
unfavorable progression of behavior change often occurs.
Personal isolation is likely to increase. Psychological
acceptance by the N.A., of his disability condition is
needed, before any behavior change improvement can occur.
Without psychological acceptance, sericus and permanentiy
harmful events can a‘fect their life. The sooner the
individual can 'ero2ive themselves as they really exist,
and clearly understand the extent of their disability
condition, the less the possibilities are of undésirable
behavioral change. Overall personal adjustment to limited _
Llife style will tend to vary depending upon past experiences,
length of disability, degree and cause of the biologic

deficiency.

-~
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Social or norm group acceptance is closely related to the
degree in which the N.A. will be able to take part or
interact in interpersonal events. Cultural background,
life experiences, personal home, and social relationships
with people will often affect the N.A.'s social adjustment
nmore than the handicapping condition itself. There is '
reason to believé that psychological differences in the
N.A. and social reactions to the N.A. disability condition
will vary with the amount of biologic deficiency or severity
of the handicapping condition, however, not necessarily the
kind of N.A. condition. The severity of the condition will
directly influence how much the N.A.'s life étyle must

depend upon other individuals for daily existence.

I believe the capacity to meet the simplest tasks of life

is minimally, yet most essential to the N.A. Thus, it is
more psychologically advantageous to provide the N.A. with
the means to beneficially regain and redevelop a new norm
group and personal role in life. The amount of performance
independence that the N.A. can redevelop is most important,
for it directly influences what roles and extent to which

desires can be achieved.

Adjustment to the handicapping condition is achieved, when
the N.A. can turn from their situations at hand, to the
_social surround to tes* his performance capacities, while

feeling socially accepted. Full adjustment is marked, only
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when the N.A. ¢can turn from self-concern or introversion to
extroversion without fear of outside acceptance.

.. .the biggest problem of adjustment is of

shyness, or of coming back to the real world,

overcoming the fear of everyone looking at

you, and of associating with people that

weren't disabled. (Steve Kayes 1971)
Once extroversion is achieved, adjustments are easier and
more rapidly made. While it is unlikely that anything can
be socially advantageous until psychologically benexicial
to the N.A. individual first. Aid which is psychologically
beneficial allows the N.A. to perform. Aid socially
beneficial enhances the ability to interact within their
physical surround. The problem is in preventing intro-
version and motivating extroversion within the N.A.

individual. It is unlikely that anything can be motivating

without being first psychosocially advantageous also.



182

SUBJECTIVE REQUIREMENT CHECKLIST

QOverall Psychosocially Advantageous

.Should take into account that there is often a direct
correspondence between body build and mean temperament
or behavior

.Should maintain or regain individual masculine (or
feminine) identity

.Should stimulate motivation and desires from within

.Should decrease everyday tension and fears accompanying
disability

.Should minimize or eliminate any continuously unconscious
fears or threats on survival

_ «Should incfease self~-independence, both occupation and
self~care

sShould increase discharge and utilization of individual's
aggressive energies to master surround and situations

.Should help to regain as much of their past self-identity
and image as possible

«Should help speed up the emotional adjustment period of
acceptability

.Should try to ease or lessen adaptability demands

.Should increase desirability of their visual image and
appearance to themselves and then to their companions

.Increase and speed up their potentials ox ability to
soc;ally interact and communicate

.Should help minimize or eliminate isolationism behavior

.Should help make the body image change less shocking and
more acceptable to the disabled ard others

.Should be able to dress, bathe, and use toilet facilities
by themselves

.Should help them return to a purposeful and meaningful
life style in the community

s
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Ovexrall, Psvychosocially Advantageous {Continued)
.Should maintain a high level of daily activity and personal
involvement

.Should help to minimize any daily dependency requirements
and behavior patterns .

.Should help minimize and eliminate concern and worry for
themselves (introversion)

.Should increase their ability to engage in constructive
action, purposeful activity and to be and feel involved

.Should help soften the impact of first facing reality

.Should try to provide N.A. with functional aid as soon as
possible (after onset)

.Should help them overcome their feelings of helplessness

.Should help them minimize and eliminate as many denying
restrictions of the disability as soon as possible

.Should help to continucusly re-experience and'reprove his
capacity to utilize his limited abilities

.Should help them to continually understand the extent of
his disability and his potential

.Should help them regain or retain their individuality and
original charactexr

.Should help extend and stimulate their occupational
.potentials, responsibilities and ability

.Should help them perceive special equipment and aids
unemotionally

.Should attempt to prevent, lessen or ellmlnate any
maladjusted behavior patterns

.Should stimulate and provide positive encouragement and
hope

.Should help stimulate and increase the N.A.'s desire or
motivation to improve their physical condition

«.Should stimulate them into seeking new experiences
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Overall, Psychcsocially Advantageous (Continued)

.Should attempt to enhance’ the éppearance of their bodies
to help change their attitude

.Should help minimize frustration, frustrating experiences
and maximize motivation

«Should help maintain ability to think clearly (constructive-
ly) plan, and make decisions for themselves

«Should help to ease the stress of their altered sexual role

+Should help them accer: t“-mselves and be socially
acceptable

.Should increase their ability to use ex;st;ng public
facilities and transit systems

+Should help them make social and 1nterpersona1 adjustments
more easily

.Should help them return to as much of an original life
style and plan as possible

+Should help stimulate and make physical activity
recreative and fun

.Should aid and help the N.A. to be as physically normal
in performance, as those he lives with

«Should increase to a maximum (within his physiologic
limits) his ability to travel or get around independently

.Should help to become ambulatory in a functional way
(move in vertical posture at will)

.Should increase their ability to move in natural patterns

«Should minimize wnd not cause any feelings of disinterest
or boredom when N.A. engage in social or mental activities

.Should help them to realistically understand their new
relationship to others

+Should help to maintain or have a secure and happy family
relationship after onset.

.Should help to reach the highest level of constructive
adaptation as possible

u't—




Overall, PszchosocialLy,AGVantageous (Continued)

«Should first help to manage their own daily activities
and then worry about social appearance

.Should minimize the amount of motivational effort requlred
to use artificial aid

«Should be able to perform with others in their physical
surround that are ambulatory

«.Should not stimulate users into any unfavorable correlations
or comparisons

What is Psychobiologically Advantageous

-
N 7
~

To be psychobiologically advantageous, any physical aid
Provided for the N.A. must maximally attempt to enhance,
support and sustain their biologic state at a productive

yet worry-free level of funqtioning. Sensory énd biochemical
support are of first necessity, before biomechanic

performance and a beneficial psychologic attitude can be

“developed ané sustained.

Biological advantages are based upoﬁ what can be done to
minimize and control the N.A.'s permanent biologic
deficiency condition characteristics; Psychological
advantages are based primarily upon what can be done to

2ase and minimize the emotional problems which have resulted
from varying levels of performance deficiency. Thus,
anything which can be done to help the N.A. to reach and
maintain their full performance potentials in a safe and

meaningful manner, is psychobiologically advantageous.
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However, it is not advantageous to push their artificially
supported performance capacity beyond their limited
biologic inresholds. Also, it is not advantageous to
reinforce a performance capacity which has no productive
usefulness, Reaching a task performaiice level is one
thing, but being able to sustain the level daily in order
to meet a specific task gozl or living need is just as
important. Thus, the need by the N.A. to control or adapt
to situations that they are confronted with becomes nore
essential as performance abilities or potentizls increase.
The moxre we can enhance the N.A.'s performance akility to
manipulate, control themselves and the surrounds about

them, the more advantageous it will be.

With any perceived changes in performance ability there
will be an accompanying emotion boost. If we can aid the
N.A.'s to meet their potential task performance ability,
we will in affect be determining what events and thus,
life styles they have. A great many of their psychosocial

Problems will be resclved at the same time.,

Beneficial Task Performance Potential

The individual N.A.'s overall psychobiologic potentials are
seemingly dependent upon whether or not they can
biologically and pesychcsocially adjust and accept their
imposed and deficient life style. Adjustment and

acceptance are greatly dependent on the extent to which

196
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they can care for themselves. While the factors influencing
self-care, emotional adjustment and acceptance all are a
result of the level of condition involvement, with its
complications and variable nature. A beneficial level of
potential can be dé?ermined for each involv::=nt level and
also for each kind and type of handicapping condition.
Psychobiologic potential is said to exist in nearly all of
the N.A.'s except those unable to perceive.

As long as they are able to perceive or have

meaningful awareness to some degree, they

have more undamaged physiological equipment,

than damaged. (D. B. Harmon 197i)
Foreseeable chances of restoration, or potential can be
calculated by taking the existing psychobiologic state of
the N.A. and eliminating all but its permanent biologic

deficiencies that are unchangeable and ultimately only

controllable.

There is a difference between what's optimally advantageous
and what's beneficial. Example of this is, optimally all
N.A.'s should be able to run and pacreate, but many if made
to do so, no matter how well supported, would fall over dead.
Thus, there are certain limits to which many of the N.A.'s
can foreseeably ever perform, because of their permanent
biolegic deficiencies nature. But it is beneficial that

the N.A. psychobiologically reach their highest beneficial

149
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potential, in order to maintain the most desirable

comfortable and productive life style.

Physiological constraints will increase as the level of

the condition involvement does. For example, respiratory
constraints from the (3.1) biologic condition level on up
will be deficient to some degree, no matter how long or
well it is aided. The respiratory capacity will always drop
when the aid is removed, So much respiratory aid will
consisitently be required in order to meet their beneficial
performance level. Thus, the unchangeable deficiencies are
the constraints of which a handicapping condition will use
to set the maximum for their beneficial performance and
ultimately life style. What the N.A.'s physiologic potential
iz and how well it can be achieved will to a great extent

determine their psychosocial peusformance goals.

Physiological advantages become the how or means to, and
*h> psychosocial advantages are the why or reason for what

beneficial task performance lewvel should be met.

Selecting the Task Performance Range or Level

The selection of a desirable task performance level or range
is based on the found psychobiologic performance parameters.
The physiological parameters and corresponding psychosocial
task goals will determine what performance goals the N.A.

can reach and maintain within the safety and comfort

[
~
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thresholds of their present biologic states.

Having a functional performance ability range is the N.A.'s

means of meeting their performance goals, purpose and needs.

There is a hierarchy of performance levels and performance
ability requirements which will vary as the level of
performance ability increases or decreases., Usually, the
greater the need or purpose, the greater the performance
level and the more biologic ability and effort required to

perform it.
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ance Abhility, Goals and Objectives

condition, with regards to the amount of biologic demand and

artificial support required to productively reach and

maintain the performance goals.

Levels of task performance are deterwined primarily by the

complexity of an activity and its subsequent surround
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Hierarchy of Task Performance Ability, Goals and Obijectives

(Continued)

wopsaay pue Ajrrrgqedeo
juswaaow Apoq TInF saey 03
¥ TAAAT NMSUL

sIoopino

pue saT13ITIoRZF 211qnd

Ut Ssiysel woxy pur o031 ‘ITERYD
~T99ym 30 3juspuadapur 2ao0w 03
T~¢ STIHART NASYL

wopaaai aanjzsod Teor3laas
I0 butpuels TIn3 saey o3
€ TIATT ASYL

sxoopinoc Ajtoedeo jusu
~-saouw soed Tewrou paITWETUN®

S3USUUOITAUS I00P3INO NIYZ
A31oeded juswssow PaTWIT®

ssoode jTsuexy OTTand TInF
pue ‘ITIIM 3B SjuswuoxTA
-Uud JXOOPUT UTIYITMA SAOR®

ITeyo
~-ToouM Y3TM sTRTaIusjod Te

-uctjednooo sjeIspow 03 TINF

aaey pue suotjztsod HUTIITS
pue Huipuels JO 3NO pPUB UT

396 03 wopssxy TIng‘A3Tanoes
aanysod TEOT3X®A @duBYUA®

suoTe A193s dwoo aAIl 03
suo MOTTE® TiTM A)TTTqR IOF

ITeI 3O °osed ur AxesssoeN®

oouspuadsput axed

-J9s TTn3 X03 AaessavaN*

sTerjuszod UOTRITP

-uoo 1eoTsAyd pue TeUOT]
~-2dnooo soueyus’sTeI3usjod
abuex X3TAT3OR 9SELIDUI*

(sut3y pa3TWITUN)
JOVd * TIN-NOIIOWOD0T €*HL

AriIqe
(ssoxb po3TurrTun)
NOILOWODOT-DONIAOW Z°*9d

(»po3TWET)
ALYINdINYN-ONIAOW T° 95

g
-
N

FAOW-ONIGNYLS ¥°Ed

ONIAT-ONIANWLS €°€d

(SHOL HONOL)
aNdIg-ONIANVIS Z2° €L

FLVINGINVW-ONIANYLS T° €L

o f
gmww




192

(Continued)

Hierarchy of Task Performance Ability, Goals and Objectives
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1.1

1.2

2.1

3.1

6.1

EIERARCHY OF THE N.A,'s BENEFICIAL TASK PERFORMANCE
GOALS

Level T2.2 or Sitting and Manipulate

Level T3.1 or Standing and Manipulate

Level T4.1 or Moving and Manipulate

Level T4.2 or Gross Moving and Locomotion

Level T4,2 or Gross Locomotion

Level T4.3 or Natural Pace Locomotion

Level T4.4 or Full Locomotor Skills

#*see hierarchy of Task performance levels
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What is Task Analysis and How Can it Best Be Used

Task analysis is a means of examining human activities,
It is a means cz way of pulling apart, identifying and
understanding a particular existing activity or desirable

performance (work situation) factors and variables.

Whetﬁer the activity being examined exists or is to be
created, there is a need to clearly establish the purpose,
performance involvement and intent (objectives) of the
activity. An attempt to clearly establish what is the
desired and beneficial level of performance beging, in
hopes of later finding what biologic support will corre-

spond and be required.

Task analysis is first concerned in an occupational sense
in determining the real needs or purposes for the activity.
The concern of analyzing a task or activity is to establish
and identify the performance factors which exist or should
exist, how long, where, and why is this activity occurring
or going to occur. Next it is necessary to determine what
would be or is biologically advantageocus for the organism
performing this activity with regard to the known
influencing performance factors. Finally, it is important
and necessary, in analyzing a task, to identify the
intensity at which the activity is to be performed. For
the quantitative changes in demand on the biological

systems are derived from the task intensity, and will

206
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influence the biologic constant and variable reguirements
needed, 1If the analysis of a task or activity is properly
executed, it should indicate what is being performed, why,
who is involved (what kinds) where and at what physiological

expense or for what biologic demands must they perform.

Guidelines from requirements to cptimally support and
direct the organism's activity and performance (sequence of
events) can be established and rank crdered. Most important
are the requirements and guidelines which evolve from the
analysis that determine what is artificially needed to
optimally support and position the human organism freely

in the vertical and horizontal planes of space while .
performing. The analyzed information should ther be used
to ideally indicate and detexmine how, and with what
equipment, the organism should bhe able to perform, what the
performancesposition is, and what artificial support
requirements are necessary to maintain the organism in

the activity. In the end all requirements, factors and
guidelines established are applicable only if they can be

translated into two kinds of physical expression.

Thus, £he ideal en~»gy, force and support criteria and
requirements must be physically expressed and directed in
the design, to provide the human organism with the necessary
biologic support to sustain and perform in a dynamic

mannerx,
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Task Analysis

The need for task or activity analyzing has been sensed

for quite some time. It has been approached in many ways,
such as examining the task's sequence and progression of
‘events, by determining the event's feedback, control and
performance patterns, by studying with cameras, drawings or
computers, the anatomical position changes of the body in
space, and more receatly by attempting to record indicators
of energy output, strain or physiological changes. 1In all
cases the investigators are breaking down the many components
of a task to develcn greater insight as to what actually

occurs during human activity.

Task analysis is not as important as the informational
results derived can be. As creators of form, we need to

perform task analyzed to insure that form and tiioge who

experience it willi homeogeneously interact together.

I believe that full analysis of human performance is a key
in developing a universal rationale for a psychobiologic
approach to design. If we optimally design for mankind,
we must take inﬁo account all the activities in which man
participates and performs. This is necessary before valid

‘biologic design decision making can take place.
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T.1
Level of Task Performance Ability

A Task Analysis of Lving and Moving (Lifting) the Head
Includes:

Time Demands:

.Seconds to less than a second

.Dependent upon purpose ard whether action was reflex,
fully involuntary or whether it was partially voluntary
.Speed of trunk rotation doesn't need to be fast normally

Biomechanic Demands:

.Requires the gross performance capacity indicated in (PAl)
.Head and neck rotation thru the second cervical vertebrae
.309-50° of easy head extension and flexion movement
.459-60° of easy head rotational movement

.Requires contractional force from anterior of shoulder
girdle to back of the neck

.Requires fore and aft shoulder girdle tilt

.Need a thrust or support behind the back of the neck to
initiate and then to maintain the movement

Biochemical Demands:

Very minimal to zero effect

.Requires more effort to lifi up and maintain than to rota*e
.Unable to maintain without support
.Eagiest when it is dynamic

Mental Demands:

.Little to no effort to rotate versus# minimal to lift head
up or down

-Usually very much of a automatic response controlled by
mechanisms of occular scanning, etc

Sensory Demands:

.Eye, head and neck sequenced coordination and rotation
.Eye scan and head movement

.Minimal dynamic alignment and balance is required
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Physical Support and Environmental Surround Demands:
.Usually is on a bed or sofa

.Support surface approximately two feet from the floor
.Sponge like to very firm surface

.Indoors usually

*and all constant biologic requirements

T1.2
Level of Task Performance Ability

A Task Analysis of Lying and Rolling Over Includes:

Time Demands:

.Usually between 1-3 seconds
.Can vary a great deal depending upon purpose and reason
for rolling over

.Increase in speed of movement helps momentum of this
twisting action

Biomechanic Demands:

.Strong shoulder and upper trunk rotation required
.Coordinated head, neck and shoulder rotation

«Is a 180° position change _
.Once pelvic base is rolled beyond 90° nc force is required
.Proper bone alignment important

.Strong vertebral column twisting action takes place

.Is a coordinated twisting action between “he shoulders

and peivic basge

.Is an asymmetric back-abdominal muscular pull

+Alternating directions of pull

Biochemical Demands:

.Nearly the same as (Tl.l) except is probably less demanding
because normal rolling over can take place very slowly
because one's total body mass never has to be fully lifted
Off the supporting surface

217
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T1.2 (Continued)

Mental Demands:

.Requires sometimes a bit more conscious thought or desire
than lifting head, etc., or moving from sitting to lying
position

.Very common activity during sleeping periocd, most
partially roll 30-50 times a night

Sensory Demands:

.Reflex action
.Head and neck, upper trunk and pelvic girdle asymmetric,
reciprocal coordination

Physical Support and Environmental Surround Demands:

«3x6~1/2 £t bed or sofa

.Bed coverings and sheets

.Springiness and/or firmness of mattress

.Location on bed after rolling over

.Space it takes to roll over

.Must support upper. trunk and natural vertebral column
rotation

T1.3
Level of Task Performance Ability

A Task Analysis of Moving From a Lying to Sitting Position
Includes:

Time Demands:

.Very short normally, 1~3 seconds

»Dependent upon voluntary desires and urgency

.Can be slower if large degrees of trunk rotation are
available

Do
et
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71.3 (Continued)

Biomechanic Demands:

.Requires the gross performance capacity indicated in (PA2)
.Shoulder~upper trunk rotation of 6-10°

.Bending forward of head-neck and the waist (shoulder-~thigh
flexion (min., of 96°)

.Optional aid from pushing upper extremities against support
surface

.Primarily a movement requiring first a strong lower back
pull and then a longer period of abdominal muscular pull
.Freedom of hands in task isn't necessary

.Need to provide first a strong head-shoulder 1ift and then
a forward push under the lower back

Biochemical Demands:

«Minimal amount exertion or oxygen and glucose demand

.No reserves required

Mental Demands:

.Little to zero conscious thought required

.Must subconsciously make command to perfori action
Sensory Demands:

.Head-neck-upper trunk bilateral coordination and control
.Primarily a reflex action

.Requires MINIMAL dynamic alignment and balance

.Minimal pressure and position sense

Physical Support and Environmental Surround Demand:

.Same as Tl.l and Tl1l.2

|
[
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T2.1
Level of Task Performance Ability

A Task Bnalysis of Sitting Transfer Includes:

Time Demands:

.Normally a few seconds or less, varies with purpose and
urgency

.Quicker movements are more difficult to maintain and
control but amount of contrxol available will determine max.
of how fast one can safely uiwrizontally shift their body
nass

Biomechanic Demands:

.Require some sort of lateral (horizontal force)
.Requires support and forces to horizontally rotate thru
one's vertical axis and/or base of support
-Requires minimum vertical force and a great deal of
horizontal force
.Purpose to horizontally shift or slide the body mass from
one pogition to another (one seated location to another)
-Move from a sitting in bed position to sitting on the =dge
of bed (ready to stand)
.Degrees of movement:
.Normally requires lower trunk-pelvic girdle action
and counteraction
.Usually will roll to one side of the pelvic girdle
and swing legs out or across to the anticipated
support base location
.Use arms & great d=al to help balance and provide
vertical force

Biochemical Demands:

.Greater than any lying activity
.However quite minimal
.Little to no energy or respiratory reserve required

Mental Demands:
.Greater than in any lying activity

.Minimal conscious effort
.Requires subconscious desire

l\j
P—o
C



202

T2.1 (Continued)

Sensory Demands:

.Increase in position sense requirements

.Min. increase in pressure sense requirements
.Min. direction sense required

.Requires dynamic alignment and mod. dynamic balance min.

.Need to control thighs and have head and full trunk
coordination

Physical Support and Environmmental Surround Demands:

-May be the same as in Tl

.Or varying seating device ht., shape and contour (design)

.Varying degree of support device, slide from lateral forxce
contact

T2.2
Level of Task Performance Ability

A Task Analysis of Productive Sitting Includes:

Time Demands:

.Normally less than one hour

«Usually can be measured in minutes
.May last from minutes to several hours
-Prolonged sitting is one hour or more

Biomechanic Demands:

.Two-dimensional near task (example reading and writing)
.Requires forward body tilt

.Arm suspension and that legs and feet shift back
Work surface with a 20° angle

.Full lumbar and buttock support
.Knee joint should be held higher than the hip joint

.Elbows have freedom to lie slightly over edge of
the work surface
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72.2 (Continued)

.Three~dimensional rear task (example modeling, manipulative
action as eating, etc)
.Requires back and forth freedom
.A minimum of 27" are spread freedom
.Full arm activity, lumbar and buttock support and
flexion of the legs
.Three and two-dimensional far tasks (example, spectator,
T.V. watching, recreation,. etc)
.Requires full back support
.Extension of legs, greater thigh shoulder extension or
minimum of 1l0°
.Relaxed position, tilted back, with maximum visual
angle
.Should require the least amount of physiological effort
to maintain
.T™wo and three-dimensional near tasks will change with
varying heights of work surfaces
.Minute body oscillations occur and are necessary
.0scillation effort varies with differences in support
surface contours
-More substantial body shifts occur during periods of
prolonged seating (dependent upon degree of comfort or
amount of circulation interference)
.Demand placed on antigravity muscles to stabilize the trunk
over the pelvic base
.Paraspinal, low back, abdominal and neck muscles are all
active (lateral obliques included)
.Feet usually lie flat on the floor

Biochemical Demands:

.Changes in circulation rate will be less as compared to
active movement or standing rates

Will kegin to fatigue within a two to three minute period
without proper support

.Surface can make seating uncomfortable without movement

.Normally there is a general increase in fatigue thru time

Approx. 50-60 minutes of uninterrupted positioning a
supportive surface (device) without movement is supposedly
ideal (D.B.Harmon 1970)

.Prolonged perxods of seating in less than ideal seating
support requires increasing amounts of effort to maintain
attention
.Extremely fatiguing during prolonged periods if the
freedom to properly shift position and maintain minute
oscillations is interferred with

.More oxygen and energy requxred to maintain attention
attitude in seating than in relaxed seating postuie

.Need greater body trunk support as length of seating time
increases

210
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T2.2 (Continued)

Mental Demands:

.Normally it takes no conscious effort to maintain posture

.No command to make or hold action or change from position

.To continually maintain proper circulation flow
(positioning oscillations)

Sensory Demands:

.Autonomic reflex (automatic)

.Neuromuscular action is providing control over activity
.Great deal of sensory control and adaptation is required
to maintain and keep organism in coordination with visual
performance

. (Must be free to balance trunk and/or body with 2D and 3D
near task activity)

Wt. bearing pressure sense

Physical Support and Environmental Surround Demands:

.Very hard to very soft depending on surfaces to be seated
on

.Hardness or softness directly influences circulation flow
and subsequent amount of restlessness or comfort
.Influences bony linkage, part positioning, and alignment
.Shape and contour of supporting device {and its forces)
affects comfort and ultimately desire to remain sested
.Shepa of supporting surfaces will directly affect degrees
of angulation of skeletal linkage and increase or decrease
muscle tone (pressure sense)

.Varying mtls, will increase or decrease, stimulate or not
thermal sensations (sticky-cold and/or hot)

Environmental Surround Demands:

«Indoor environment wvariables
.Seating dimension variables

Number of components making up support surface (seating
device)

.How strong seating device is

.How stable it is on floor surface

.How secure it is on the floor surface

.Ht., depth, width and angles of seat pan and back
.Varying ht. and angle of surface working off of




205
T2.3
Level of Task Performance Ability

A Task Analysis of Moving From a Sitting to Standipg
Position Includes:

Time Demands:

.Approximately one to two seconds

.Normally very short, in fact it is more eneryy consuming
to transfer slowly than fast

.Varies depending on the level of seated posture and
standing position one desires to achieve

.Depth of seat, its distance from the ground, all influence
the speed of action

Biomechanic Demands:

.Requires the gross performance capacity indicated in (PA4)
.Centzr of gravity must move forward and be swung and
stabilized above a stationary support base

.Vertical and horizontal forces are required to move center
of gravity

.Short term dynamic act of transferring body wt. support
from end of the tailbone {buttocks) to the organism's feet
(overall support base)

.Need to rise without flattening out the lumbar curve :
.Should maintain feet beneath the center of gravity at all
times

.Aid lateral stability with arms or hands as mass rises
(transfer movement takes place) is optional but common

.Greater displacement of the center of gravity in low
sitting~standing transfer, requires greater muscular

force (vertical force)

.Need to increase balance forces with increase displacement
of the center of gravit

.Needs to maintain balanc
center of pressure

.Ne2d counterbalancing actioa of trunk-pelvic-support base

oztween center of gravity and

Biochenical Demands:

.Rejuires a short term and small expense of muscular energy
.Requires a minimal oxygen demand on respiratory reserve
.Little overall expense, however will vary on distance of
movement '

.Proper circulatory support, circulatory mechanism control
of pressure becomes very important
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T72.3 (Continued)

Mental Demands:

.Mental desire has to be there either voluntarily or
involuntarily

.Usually a subconscious effort primarily unless there is
some degree of abnormality about the position in or going
to reach

Sensory Demands:

.Must contxol center of gravity fluctuations first in front
and then behind the line of gravity

.Line of gravity smoothly moves forward in front of support
base until buttock lifts off the chair

.More backward and forward fluctuations of c.p. than lateral
.Ascending increase in upward head tilt descending decrease
eye-head tilt

.ERes (visual axis remain fixed on near space balance pt.
.Must keep centéi ‘of gravity over or within base of support
.ae veigbht is being transformed or shifted from sitting to
standing or vice a versa

Physical and Environmental Surround Demands:

«.Indoor environment variations (usually)

.Varying floor surfaces and mtls. (vinyl, carpeting, wood,
eteo)

.Varying kinds of indoor seating equipment
.Occupational seating devices and relaxation seating
.Varying degrees support surface hardness-softness
.Varying degrees of frictional quality

.How secured seating device is with supporting surface

T3.1
Level of Task Performance Ability

A Task Pnalysis of Productive Standing Includes:

Time Demands:

.Seconds to hours

.Varies according to need and type 7~ activity involved in
.Usually under an hour unless its occupational task
requiring prolonged standing 4-10 hours

.Prolonged standing is 1-3 hours or more

915
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T3.1 (Continued)

Sensory Demands:

«Erector reflex responses

.Minimal position sense

.Maximal pressure sense {(hip, sole of foot)

«Zero - minimal direction sense

.Normally maintained with ease and without conscious effort

.Continuous low intensity tension and compression activity
on structural frame of body

.Maintain in standing, access to all 3 fields of vision
{near, intermediate and far)

Physical Support and Environmental Surround Deliands:

.Required is some sort of stable supporting surface to be
under supportive base of the body mass

.Supportive base requires, certain degree of a resistive
counter force response from supporting surface (should be
equal forces to mas

.Supporting surfaces may vary greatly from very hard to
moderately soft or from slippery to sticky

«Energy forces of surround can influence tension and
compression forces within body (its tensive alignment)
.Varying grades and elevations

.Energy forces will influence visual mechanisms and auditory
mechanism's performance

.Free standing vertical posture has a maximum ability to
adapt to changes in physical environment and to its
energies

.Frictional coefficient will vary between supporting
surfaces and support base

«Correlation between necessary support base size and type
of surface on

.There are a large variation in structural elements
vertical protruding and taking up space in the surrounds
that can be used to assist standing

e
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73.1 (Continued)

Sensory Demands:

.Erector reflex responses

.Minimal position sense

.Maximal pressure senze (hin, scie of fooi)

.2ero - minimal direction sense

.Normally maintained with ease o’ without conscious effort

.Continuous low intensity temsion ¢ivdl compression activity
on structural frame of kody

.Maintain in standin., access to 1. 3 fields of vision
{(near, intermediate and far)

Physical Support and Environmental Surround Demands:

«Required is some sort of stable supporting surface to be
under supportive bazse of the body tuwss

.Supportive base requires, certais idigree of a resistive
counter force response from supgpest.iug surface (should be
equal forces {o mas

.3upporting surfaces may vary ¢uaoll from very hard to

moderately soft or frow slippei
«Energy forces cf surmonnd cen L
comprossion formums withdn body
~Varying grades aud elevations
.Bnergy forces will influence visual mechanisms and auditory
mechanism's performance

.Free standing vertical posture has a maximum ability to
adapt to changes in physical environment and to its
energies

.Frictional coefficient will vary between supporting
surfaces and support hase

.Correlation Lketween necessary support base size and type

of surface on

.There are a large variation in structural elements

vertical protruding an® takinyg up space in the surrounds
that can be used to assist standing

zticky
nce tension and
tensive alignment)

¥
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T4.1 and T4.2
Levels of Task Performance Ability

A Task Analysis of Pipeda) ILocomotion (13lking) Includes:

Time Demands:

.Normally is approx. 5-15 minutes

.Normal distance is approx. 1/4 a mile or 3 blocks
.Varies however from minutes to hours

.Varies with individual needs and purposes for activity
+Normal speed is 2.85

.ormal stride length 28"

.Speed 107 steps per minute

«20~30 min. to walk a mile

Biomechanic Demands:

.ﬁeq%lres gross performance capacity indicated from (PAS)
o RA?)
.Continuous oscillations (larger than in sitting or
standing) in all planes of space (particularly sagittal)
.Vary with envirommental surround's size (outdocv vs indoor)
«Reciprocal counterbalancing of forces
.Bilateral balancing on the 4-dimensions of space

(three coordinate planes and time)
+Bone and muscle elasticity
-Requires a smaller support base than static vertical
action
.Motox sequence:
one ankle relaxes (flexes)
center of gravity moves in front of arkle joint
other fcot lifts and moves forward to receive
body wt:

forward swinging limbs heel and then foot is placed
on the walking surface
created momentum and push from rear foot carries
c.g. over support again
sequence continues as each new foot contact is
made,*joint adjustments occur to utilize momentum

O v b W

Biochemical Dema..ds:

.Normally requires 2.5-3 calories per min (metabolic rzte
and equivalent heat output)

<120 to 180 calories per hour

«Circulation flow extremely important

.Increase in blood flow compared to standing

.Less demand than maintenance of prolstged stance
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T™4.1 and T4.2 (Continued)

Mental Demands:

+Subconscious activity

.Conscious only when placed in a stressful situation or
base of support is insecure

cRequires greater mental effort with increases in fatigue

Sensory Demands:

«Requires primary coordinated pattexns of input and output
to stimulate, maintain and control
.Requires more involuntary than voluntary sensory activity
«Requires moderate to full reflex patterns of motion
«I8 not neurologically demanding
.I8 a primary vet skilled motor pattern
Maximal direction sensory equipment
.Maximal position sensory equipment
.Moderate pressure sensory activity
.Full body mass activity integration

Physical Support and Environmental Surround Demands:

«Outdoor exposure o energies and obstacles

+«Indoor exposure to energies and obstacles

+Thermal range {climate) =30 to 4100 deg. F

«Air resistance (wind currents)

«Radio waves (60 cycle artifact. or static)

<Northern light (enviromment light spectrum or character)

«Radiant heat gain or loss

«Metal and magnetic surfaces

.Surfacas to counteract forces produced by the body
{(mass thrusts, gravel, grass, tar, cement, etc)

30" doorways, elevators, stairs, inclines, esculators,
curbs 4"-6", steps 6-10"

.Static electricity

«Rain, snow (water)

.Dirt particles, air quality

.Opening doors

oMoving sidewalks

Moving vehicles and devices

«Protruding objects in space

«Electromagnetic fields:
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Factors and Variables of Task Performance

In order for man to resolve his needs or answer his desires
he must be able to prepare and readily engage himself in
physical activity. In most instances the objectives_or
purpose of the activity will determine why he performs in a
particular manner. Despite his character all activities are
primarily influenced in three ways. The level or diffi-
culty of performance ability required, environmental
conditions of the activity and duration of the activity are

influencing vaciables,

The environment or physical surrounds of a task are typically
made up of physical energies and supportive forces. These
energies and forces can either reinforce the ease in which
the biologic mechanisms are able to meet and sustain the
activity or they can iacrease the demands on the biologic
mechanisms by not optimally reinforcing its processes. The
physical surrounds can directly influence and increase the
effort and thus inérease the productivity of the performance.
As the level of performance ability of the activity or task
to be engaged becomes more or less difficult and involved

so do the demands on the biologic mechanisms of the human

organisme.

Duration or amount of time during which an activity is
verformed will change the influence of all other task

variables. All tasks despite the level of performance
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demand and reguirements will be performed in a quantity of
time and under certain surrounding conditions. Together
time and environmental conditions will determine the overall
biologic demands and constraints on the tasks productivity
and ultimate success. How well the required, overall
biologic demands can be met and sustained, will greatly
devend on the biologic systenms pexrformance capacity and

endurance.

There are many intensity variables which exist, and must
also be taken into account when analyzing tasks, that
directly influence t} : tasks biologic demands. The
variables of intensicy at a particular performance ability
and situation are cuantitative in character. These variables
of performance intensity are indirect and can't be measured
by changes in performance, speed, force, distance, frequency
and timing. As variable qualities of performance, changes
in performance intensities will change the amount of motor
'skill, endurance and mental effort requirements of the task
performance., Motor skill demands will depend on primarily
on how fine or gross the sensory and biomechanic mechanisms
of the body must perform. Endurance demands will vary,
depending on the metabolic and respiratory rates or energy
and oxygen consumption levels of the activity, both of
.which are directly dependent upon support from the bio-
chemical processes of the body. Mental demands of a task

vary depending upon the amount of subconscious vs. conscious

22
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effort that is required to sustain the activity. while
mental effort will depend upon sensory and biochemical

support fiom the body.

How well the biologic mechanisms and processes of the body
are able to meet the overall requirements of a task will
determine its success. Performance reguirements demanded
of the body to reach the level of performance ability must
first be met. How efficiently this is met or how well
pexformance ability can be sustained and maintained at a
particular intensity and within a physical surround will
vary as the overall demands and biological requirements to

productively perform.

Recuirements of Task Performance

Particular task support requirements, as discussed, are
derived from the task's initial performance variables,
which determine the performance intensity, and together
make up the total hiologic demand. The total performance
ability demands of a task can thus be divided into constant
and variable requirements. The constant demands and
subsequent requirements on the biologic systems will vary,
only as the overall nature of the activity, which will be
either sationary or dynamic., These constant requirementc
will need to be optimally met to ready the body for
performance. The variable demands, motor skill, mental

and endurance capacity of the task can be divided and

270
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placed in their respective biologic support system cate-
gories, and be referred to as variable biologic system

requirements.

Altogether, all tasks will have a particular set of
constent static or dynamic biologic system requirements
and a particular set of variable, biolcgic system reguire-
merts which must be met, Thus we are akle to break down
and determine any tasks total performance demands into
requirements on a biologic basis. By using such a method
any task can be analyzed as the categories of biologic
performance variables, demands and requirvements are

identified.




Constant and Variable kequirements of Task Perfcimarce

All tasks can be broken down into set of constant and

variable reguirements. The constant requirements primarily
referring to the essentials of maintaining meaningful visual
localization and orientation as dynamic or stationary align-

ment criteria.

Constant aligmment criteria breaks down into criteria of
gravitational and visual balance, base of support and
directionality. Together constant requirements will

determine the task performance total support reguirements.

‘The variable sets of task performance requirements are all
affected by the performance factors and variable dimensions
of time, space and intensity. Task performance factors and
variables thus will change with changes in the level or kind
of performance engaged. Thus, they become additive or
subtractive depending on the to%*al character of the
performance required, and the kind of constant support

requirements.

The constant requirements of performance are 2 be me®

first. For the human organism must first meet its support
requirements or be ready to perform before it can act in a
manner, depending on the variable requirements, which will

successfully rec-lve its performance needs.




CONSTANT REQUIREMENTS OF STATIC STATIONARY PERFORMANCE

Static Visual Balance

1 Need to maintain neutral cantelever of vertebral column

N

Need to pick out clearly vertical and horizontal planes
in space (visual localization)

Need to maintain proper visual localization and acuity
Need to maintain proper visual awareness or perception
Need to maintain proper occular convergence, capability

Need to maintain its hyperbolic field of view

L T <) T &1 R S ) ]

Need to maintain visual axis's that fall off the tip of
the nose, 20 ft or 6 meters out in space to an
imaginary point on the ground

8 Required is full head and neck support and control

9 Requires full postural support and comfort

10 Requires slightly foreward head tilt

11 Maintain a productive eye-hand, eye-ear and eye-body

coordination

Static Gravitational Support and Balance

1 Neutral vertebral column cantelever, with a natural
lumbar curve is reguired in which the line of gravity
falls thru the 7th cervical vertebrae and hip joints
pive*s center

2 Anatomically correct body segment:; mass, bone, and joint
alignment, stabilizing and compression is required

3 Vertical trunk support resulting from vertical spinal
tension and interlacing is needed

"4 Vertical trunk balance resulting from diagonally inter-
laced and equally distributed tension and compression
elements is required

5 Suspension of the thoracic trunk or rib cage is necessary

o
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Static Gravitational Support and Balance (Continued)

6 Steady and firm shculder base for neck and head is a must

7 Provide horizontal tension across the pelvic girdle and a
- steady and firm pelvic base for the trunk

8 Diagonally reciprocal action and counteraction of the
four body sides is necessary

9 Two mirror-like bilateral halves that reciprocally
communicate and act together as a whole is needed.

10 Integrated body leveling and head neck leveling systems
that can match or equate differences between gravitational
rientation to visual or head-neck leveling is needed

11 Integration and equating of external and internal forces
into body leveling system is required

12 Need body leveling awareness of body part, mass, and
segment position and movement direction

13 Shoulder-thigh gross extension ability is necessary

14 Need to control and balance the interaction and changes
betwzen *ths:
(2) base of supports size, location and egualize wt.
distribution between changing support bases, (b) center
of gravities height and cscillation and (c¢) action line
of forces or center of pressure acting the total mass
weight

*Static Gravitational Support for Standing

1l Need a neutral wvertebral column cantelever with the line
of gravity falling thru the 7th cervical and center of
hips joints pivot center, support of the natural lumbar
curve and maintenance of frontal and sagittal plane
alignment of vertebral column beneath the thorax and head

2 Need full body verticas support with: erect suspension of
one mass segment upon another, control of extension and
flexion of the segments, shoulder-thigh-foot gross
extension and thoracic trunk suspension

3 Need fully body diagonal patterns of diagonall - interlaced
vertical suspension and/or stretch, overall resistance
to bending or collapse, hcrizontal and vertical forces
holding in the mass and rotational trunk torsion

no
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Need }C/‘i:.a"—erdl S'j{m:’-‘;tric and a-‘-’_’{mllat"{;,t _-;‘,:‘. Jl'&'fCipI.’Ocal
balance, counterbalance and coordinatici of body mass
segments using diagonal Opposing see-sa: ;
and not unilateral rotaticnal patterns

Need slight sagittal sway through ankles,
1.5° to 3°) %o aid and stimulate circulation Fhom,
minimsl lateral and posterior sway and rigiily contvol
heel-ankle movement with regards to the legs
Need to maintain thru Prolonged durations erect
Posture with efficiency, ease and comfort and a minims
amount of thysical force

Need full %ody mirror like, bilateral halyes that
reciprocally communicate, equate and act wgetlen am a»
whole and d{agonal action and counteractior of the e
body sides, ‘

Need anatomjcally correct body part, bone, jeint
alignment ajd compression, with steaCy and £i;m banes

reguired is proper ankle aligmment and 1iQ° inward
angulation, which is critical to the success oF anyy
static and/or dynamic support

Need same r2quirements as in static alignment congtisia
of: 1¢. 11, 12, 14

Static Support Base

-
R

the head and neck, the trunk and lower extrem time. sic
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force patierns

(maximo. b T

i\

vertical

Need tc stdilize the mass and Support structure, holiing

it steady m all Cirections of the horizontal base

Need to maintain a secure and sure base in whinh center o2
1 ..

mAss abovewan stabilize itself, in other words vertica

support stncture must be integrated with the overail
stpport bas

\

Increase itesize or move, with skifting center of mass
from the ortiinal base

Required is .n asymmetric rather than symmetric ovzilell
nass base (tllangular support)

¥eed to evenl: support and distribniz mass above it

mist allow bod;y segment masses to freely return via the
easiest lazy i1mte to keep its centsr of gravity within
its base of s\pport. (unconscioysly) : .

90



CONSTANT REQOUIREMENTS OF DYNAMIC PERFORMANCE

Dynamic Visual Balance

1 Must allow the visual system and its mechanisms once in
proper alignment, to lead body thru space; for the eyes
seem to lead the neck-shoulder, shoulder leads the pelvic
girdle and pelvic girdle leads the base or partial base
of support

2 Must maintain freedom to freely shift occular mechanisms
from near, intermediate, neutral and far visual space
and scan to the sides

3 Need steady and stable head, body support bases, despite
any body oscillation incurred

4 Need to maintain head and eyes in a vertical position
with forward nemtral tiit

5 Needs to maintain feedback information & to horizontal
or gravitational balance, body balance and head balance

6 Needs movement to help maintain its own visual orientation
mechanisms proper functioning

7 Feed to maintain neutral vertebral column cantelever
8 Need slightly forward head tilt
9 Occular axis falling 6 meters out into space when

moving forward

Dynamic Gravitational Support and Balance

1 Need to maintain requirements one and two of static
balance

2 Need to increase vertical support, strength and collapse
resistance

3 Need increasad vertical balance resistance to bending
and lateral instability; with increases in diagonal
tension, balance control proceeding from the distal ends,
inward to the proximal
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Dynamic Gravitaotional Support and Bulance (Continued)

4 Need is for rotational transfer of balance to and around
changing line of gravity pattern, with{a)diagonally
coordinated balance-counterbalance seguencing, (3) corre-
lated balance patterns to rotational freedom, (C) auto-
matically adjust to changes in center of gravity both
vertically and horizontally, (D) maintain smooth shifting
line of gravity and (E) increase the reciprocal acticn
of the rotating body segments. (Need good hip control
and support)

5 Need to control tha patterns or direction and position

sequences of the shifting support bases and:

a. control size of support base, movement and location
of center of gravity

b. balance mass oa alternating, full or partial support
bases

c. rhythmically time =nd sequence balance patterns to
shifting gravitv pa%icrns :

d. increase forward lean, proportionral to speed of
shifting base

e. sapport base to quickly sift and fcllow pattern of
moving line of gravity

f. shift base of suppor% zs soon as line of gravity
leaves base

g. control direction and the amount of mass beyond the
base

6 Sequentially correspond pattern of line of gravity,
center of pressure, center gravity and support base
to one another

7 Need to maintain a neutral gravitational balance pt.
that corresponds to visual balance orientation
mechanisms

8 Need to coordinate changing or moving body position

feedback to body leveling system and:

a. body leveling mechanisms are aware of sequential
shifts in the support base

b. gravitational orientation, feedback to head balance
system is maintained

c. increase timing and sequencing of balance control
and feedback

d. increase sensitivity to shorter time allowances for
instability and forward and downward pull of gravity

Do
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11

12

13

14
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Need to maintzin listed constraints requirements (7)
and (8) of static gravitational support

Required is diagonally opposite extremity action and
opposing rotation of adjacent mass segments

Required is diagonal counterbalance signal (control and
feedback) between lower extremities and trunk
(thru the hip)

Required are egual diagonally shifting thrusts of force
thru the body’s invariant verticzl axis to maintain
dynamic balance

Need is for synchronized, reciprocal and reflex counter
counterbalancing

Dynamic movement'. is to occur with a forward lean to
start spiral, reciprocal counterbalancing action

Dynamic  Suppoit Rase

1o

Need a support base to (quickly eiicit or relay information
as to its position and <lrectiion of shift

Need to maintain its own iaternz) integrity under
conditions or instances of incidental stiress

Needs to absorb shock

Needs to react quickly to changing contact surface
conditions

Needs segmental support akility znd strength as well as
whole mass

Needs to control direction in which forces will act upon
supported body mass

Needs to shift or niove first in order to maturally move
the body mass thru space

It is required to vextically and horizontally support
and propel the entire mass

It is to receive, support and transfer the moving body
mass

It is able to evenly distribute the mass on u.ly a
portion (1/4 of its entire base structure for short
periods of time)

Do
oo
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Bverall Hierarchy of Task Performance Requirements:

With regards to maintaining and optinally providing support
for the human organism in a task, provide:

-ADEQUATE AND PRODUCTIVE VISUAL ALIGNMENT AND BALANCE
LADEQUATE AND PRODUCTIVE GRAVITATIONAL ALIGNMENT AND BALANCE

«ADEQUATE DIRECTICNALITY OR OVERLAPIING OF (1) AND (2) FOR
LEVELING AND MOVING SENSE

JAUEQUATE KINESTHETIC REFERENCES OR BODY POSITION AND
MOVEMENT AWAREMEZS

<ADEQUATE SUPPORT isASES, BILATERAL AND UNILATERRL
+VERTICAL SUPPORT AND BALANCE

~ADEQUATE MOTOR OR MOVEMENT ABILITY

- R



Total Task Performance Requirements

In order to properly perform a task there are certain
constant and varying variable factors which must be met.
The performance of a task can be broken down into the
following requirement sets to analyze the task.
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Total Task Performance Requirements

(Continued)
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Determining the MN.A.'s Task Performance Requirements

As determined there is an important hierarchy of task
performance ability levels which vary depending on how
much biologic support is required. Along with this there
is a correlation between the amount of performance ability
required and the amount of biologic support normally
demanded of the human organism in order to meet those

requirements.

In the case of the N.A. the overall psvchobiologic problems
and needs are the determinors of both existing performance
and beneficial performance. As the amount of deficiency
increases the beneficial performance potential range will
decrease and vice a versa. The N.h.'s level of biologic
deficiency thus determines just how great a difference
there is between what they can do and what they need to do.
These correlations, along with (= fact that all N.A. can't
and don't need to perform at a full, gross performance
level because of the varying levels of biologic deficiency

led 0 a very interesting rationale.

Simply by determining the biologic differences between the
N.A.'s existing ability and their potential level of task
performance, this rationale can be used to determine what
needs to be artificially substituted for the N.A. An N.A.,
for example at a (2.1) level of biologic deficiency will

have a particular performance Aability range that requires



226

only so much trunk support. By determining the difference
between how much'trunk support is known to exist at the
deficiency level, and knowing what is needed, we can now
determine theoretically how much and what kind of support
the N.A. needs. A means of expressing and following all
the elements of the rationale in their proper perspective

is necessary to furthexr understand the correlations which

exist.
REQUIRED
RANGE
Normal Required Required OF PER-
Performance (~)Task Ability(+)Surrounding {=) FORMANCE
Ability Range Conditions ABILITY
PO-
Required Existing Existing Psycho- TENTIAL
Range of (-)Biologic (+) Psychoswaiai (+)biological (=)ABILITY
Ability Ability Ability Advantages DIFFER-
ENCE
Potential Reguaired  Existing Psyvchobiologic ggEgin-
Ability (=)Ability (-)Ability and (=) TICULAR
Difference Level Potential N.A.
GROUP
igﬁ’i’f:lal (=yWhat Has To Be Artifirially N.A.'s
Di 4 ~’Substituted or Rejpluued (:=) OVERALL
ifference NEEDS

By lowering the level of task performance and conditions
under which the task is performed, will decrease the total
performance demands or requirements of the task, and more
importantly narrow the difference to be artificially
replaced between N.A. ability and the normal performance
requirements, The use of this rationale will make designing
for the N.A. much more practical and easier to understand

and accomplish.

-
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HIERARCHY OF N.A.'s UNAFFECTED AND EXISTING (GROSS
PERFORMANCE ABILITY

1.1 Partial PAl

1.2 Ppartial to Moderate PAl and Partial to Zero PA2

2.1 Moderace PAl and Partial PA2

3.1 Moderate to Full PAlL and Partizl to Moderate pA2

4,1 Full PAl auna Modarate PA2

5.1 Moderate to Full PA2 and Poinial PA3

6.1 Full PA2 and Partial to Moderate PA3

tsee hierarchy of gross body performance ability
requirements
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A Model for Man, the Dynamic Action-Reaction Structure

Before we can artificially substitute for any deficient
mechanisms of performance or action, there is a need to
understand in a simplistic way how the total muscular
skeletal system of man normally works to perform. Thus a
schematic model and rationale has been developed to identify
only the TOTAL AFFECT of the otherwise complex, action and

reaction structure of man.

TheAinterpretation for this mcdel has heen developed from
clinical observations reported by Dr. Pat Murray, Margaret
Voss and Dr. Darell B. Harmon. Although their works are
substantiated on earlier works of Rudolph Magnus and Ray-
mond Dart and others. It is said that body movement and
locomotion is a change of place and pcsition which occurs
due to spiral rotation and forward motion. Dr. Harmon
postulates that locomotion is an interplay between forces
of gravity and the body's control of its forces. He
suggests that because the body is made up of quadrants of
muscular tension and subquadrants in which parallelograms
of forces act, a diagonally reciprocal total action-

reaction movement structure results.

It is my belief that internal thrust of force and balance
occurs at the body's structural joints due to primary

diagonally onposed lines of muscular tension around the
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body's structure and thus control the body's mass segments
about their joints. I must emphasize that the body is not
structurally or neurally integrated as a diagonally
reciprocal system but only performs as though it were.
Because the two bilaterally opposite halves of the body are
controlled by a complex simultaneous patterning of neural
command such a movement behavior results. Thus the total
mass performs a diagonally shifting structure due to its

alternate body segment spiral rotations.

Obviously the muscular skeletal system is integrated to
Perform in a spiral manner. AaAnd overall is specifically
arranged with its simultaneous neural control not only to
provide forces to move the mass segments but the spiral
action helps maintain both static as well as dynamic balance

at all times with least effort.



ACTRP -

. The following schematic diagram indicates only the major lines
of muscular pull or tension and compression about thoe body's
structure. The subseguent action and counteraction forces
which result. Thcse forces are minimally required to mmﬁnualﬂ
vertical support.. The solid arrows indicate the positive
thrust resultlnC‘"rOﬂ the positive (solid lines) linc <l )
and the dotted:cwaowg indicate the counter tiirust lad%w
from the negath&,(dotLad lines) line of pull. B

O
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Aruitoxt provided by Eic:
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Ldverall, the schematic diagram of frontal and sagittal plane
» lines of pull and resulting forces must be thought of in

three dimension. Due to simultaneous neural commands f£rom

high motor cortex. Locomotion can be thought of as a three

- dimensional transfer of reciprOCﬁ; SRiral forces across the body.
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The following is a schematic hierarchial representation of the
minimally required needs of the human body in order toc reach

"a dynamic locomotor performance capacity. With each acdded
degree of freedom it is believed that four cther simultaneous
.functions need to occur to have a natural pattern of performance
including: force, vertical support, balance and coordination.

Performance ability One (PAl)

o~
- e W o o

Degree of free movement need is for head-trunk extension and
‘flexion

‘Simultaneously there is a need for horizontal and sagittal
‘plane head-neck rotation on the shoulders

Simultanecusly there is a need for structure and forces in
the head-neck and upper shouldﬂr to provide vertical
suspension and balance i

Simultaneously there is a need for eye-ear and head-neck
O ontrol and feedbach coordination or sensory tonic reflex
]:R\ﬂ:ontrol
D4
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Degree of free movement is for shoulder-thigh extension
and flexion

Simultaneously there is « need for horizontal shoulder-upper
trunk rotation

)i
R—-—Y oy
v oy

Simultaneously there is a need for full shoulder, upper chest

and back structure and forces to provide vertical support and
balance :

Simultaneously there is a need for head-neck and upper (high
shoulder, chest and back) trunk coordination is particularily
needed in the frontal or lateral plane

AL




Hierarchy oif rferlformance Abiiity (Cuiltinued)

'Performance Ability Three (PA3)

Decree of free move-

& ment is for thigh-leg
extension and flexion
which is minimal in
ordeir to sustain
sitting posture or
transfer,

Simultaneously there
is a need for hori-
zontal, shoulder and
upper trunk rotation
and lower trunk
counter rotation.
Lower trunk-pelvic
rotation allows full
trunk pelvis stability
and enables body to
twist over the pelvic
base

T 72X

Simultaneously tﬂg;e is a need Simultaneously there is a
for lower trunk (abdomen and need for full head-trunk
low back) vertical support and orientation and alignment
structural balance. A stable and -feedback and <ontrol.
integrated trunk and pelviec girdle Posiiion sense is necessary
is required particularly in the

sagittal plane




Hierarchy of Performance Ability (Continued)

Performance Ability Four (PA4)

Degree of free movement required is a minimum of 87° of
leg-foot extension and flexion, which allows the body to
minimally reach an erect vertical posture, although being
unstable and probably insecure

no
e
-1
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'Performance Ability Four (PA4.2) (Continued)

Simultaneously there is a need for pelvic rotation onto the
ankles and the total mass support base. This provides and
allows the body with a full twisting action over its static
base or ensure vertical balance. Without such simultaneous
rotation about the support bases the body is unable to
functionally slide the base of support due to frictional and
gravitational forces. The body now has all necessary
structural elements for full body counterbalance in vertical
space



Performance Ability Four (Pa4. 3) (Continued)

i
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lSlmultaneously there is a need for mlnlmal lower extremity
:vertlcal support, structuring and balancing components.

' There is a necessity to structurally interconnect trunk and
. lower extremities thru the pelvic girdle while ensuring

; sagittal plane stability in the lower extremities

i particularly.



Pexrformance Ability Four (PA4.4) (Continued)
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Simultaneously there is a need for full body mass position
sensing, which allows for full static vertical posture.
Minimal head-trunk trunk-lower extremity neural interaction
is needed. 1Interaction is provided to keep the mass from
collapsing and falling. The head-orientation, center of
gravity and base of support feedback give and maintain the
full static mass control.




Hierarchy of Performance Ability (Continued)

Performance Ability Five (PAS5)

L

¢

"

Degree of free movement required is for an alternating
pelvic girdle, leg lift and rotation. (Pelvic tilting

and rotation) Ability to alternately 1lift and rotate

the pelvic girdle will minimally allow the body mass to
be dynamically transferred thru space, although slowly and
possibly -for shoct distances only. *Slight knee flexion
will aid in smoothing out such movement.

e



Performance Ability Five (PA5.2) (Continued)

~

Simultaneously there is a need for rotation thru one leg
and alternately over its adjoined one-half total mass base
of support 8-10° of rotation occurs between the pelvic
girdle and femur in the hip joint. '

20w




Performance Ability Five (PAS5.3; (Continued)

Simultaneously there is a need for full dynamic lower
extremity and foot (overall support base) structural
force, support and balance.




Performance Ablility Five (PA5.4) (Continued)

1)

. Simultaneously there is a need for dynamic body coordination
which can: alternately rotate swing and lift total mass over
and about one~half a base of support, simultaneously sequence
and control the shoulder, pelvic and one-half support bases
as one, coordinate from the center of gravity, one-half
mass base support and center of pressure.




‘Hierarchy of pPerformance Ability (Continued)

Performance ability Six (PA6) and (PA6.2)

-

e
<:C‘?/T?:$@'

Free movement of 150°, toe-foot flexion is minimally required
to provide and aid leg and pelvic lift. Required i1s foot force
or one-half support base horizontal force helps propel mass
forward in a more smooth and momentus manner. Movement freedom
allows mass to easily change force directions, pivot or follow
thru and change speeds (stop .and go) while providing full
idynamic‘support base action.

Simultaneously required is mass rotation on the toes and thru

the knee joint. Required are toes that can momentarily support
entire body mass as it rotates over and thru one-third of one-
half mass base of support. Required is 6-9°¢ of horizontal
rotation thru the knee joint to facilitate the necessary
torsional balance required to support mass on its small momentary
base. Toe rotation 2° internal and 6° external is required as
support base rotates horizontally with the alternating action.

O e



Performance Ability Six (PA6.3) and (PA6.4) (Continued)

- -

Simultaneously required is full foot structural integration
balance and support.

Required is full dynamic body and base of support coordination
and integration, which provides full center of gravity base

of support control and feedback. Foot-leg-pelvis-shoulder
head and (visual orientation) feedback and control is to act
and respond together. *If body masses forward momentum is

to be increased synchronized arm swing needs to be provided.

N>
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INTERFACING THE N.A. WITH ARTIFICIAL DYNAMIC SYSTEMS

Through rank ordering and determining of requirement
priorities it is clear that the success or failure of any
N.A. system depends on how well it interacts with its
intended user. A close and delicate interaction of the two

is necessary before any performance zbility can be restored.

With the information systernt the difference between beneficial
task performance range and user needs (ability) will
determine what artificial aid should be provided. The
artificial aid needs, plus user's na+»7s will determine what
overall integrating criteria must Lo met, The task
performance rande will) determine . long, etc., the
physical system minimz2lly needs to bz inteqgrated. The
amount of deficiency will determine where and how much of
body needs to be reinforced and integrated with. Whils the
extent of condition variables, ccmplications, etc., will
determine what particular precautions and kind of rein-

forcement is required.

Because of biologic deficiency in a N;A. organism, there is
a particular need to carefully determine how a aynamic
rhysical {(artificial) aid will be integrated with the
remaining body mass. Both the body's external and internal
ability to control, balance or bilaterally equate the
differences in its response to its physical surrounds is

lacking. The irtegrity or homeostatic balancing processes




are lacking, and the body no longer can properly act or

respond to energies and forces that continue to influence it.

. I REQUIREMENTS FOR ARTIFICTAL
DYNAMIC AIXIDS CULNTIS Wil

o S — - ——

i
AT I
|

LW (]

ABILITY < — =% — ~! TNTERFACE |-, — ~ — } SURROUND
AND NEEDS \ | COMPONENTS |/ CONDITIONS

DIFFERENCE 7 \

/N A

BENEFiCIAL TASK
-/ RANGE AND/CR
o~ = ~ = =——| PERFORMANCE LEVEL |

f————
o’

DIRECT INFLUENCE

..... - INDIRECT INFLUENCE

*Interface components ar : indirectly determiued by the
range and/or level of task performance and its
corresponding condition or environmental surround range
and level. -

*Interface component must equate the three other variable
elements, no matter at what level we are designing at.
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Successful Interfacing with the N.A.

If we can develop the most sophisticated artificial,
dynamic aid in the world, it will e unusabie unless it
first accounts for the integrating receds of the M.A.
organism. The artificially provided aid and the users
-apacity to perform as one is dependent on optimal inter-
facing for success. The success of the interaction will be
determined by how well a balance can be achieved between
Normal task demands, and how the body internally and then
externally reacts to the artificial aid. Bow well the
artificial aid absorbs, insulates and can compensate
impacts, forces and affects of energy on the total mass,
wWill become a measure of its success. A complimentary
interaction and contact between user and the artificial aid,
despite'the body's size or amount of body mass remaining is

required.

An exchange of affect and influence between the artificially
Provided and the organism must be controlled if we are co
supnort the biochemical or internal processes, responsible
for biomechanic actions. How well the biomechanic
mechanisms of orientation are supported in turn will
influence the glandular processes balance. The activities
of the central nervous system will normally respond and
attempt te equate changes and differences in internal or

external balance. However, the deficient N.A. organism's
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inability t¢ send or receive and act to compensate for
imbalances must be artificially replaced. Deficient
organisms will adapt to any stress, strain and tension on
muscles, the biomechanic, or on glandular (biochemical)
Processes due to their lack of proper neural feedback and
control. As the amount of biologic deficiency increases
the degree of internal and external support requirements
increases. Thus, integrating requirements for any
artificial aid dirgctly increases as the amount of body
area involved increases which indirectly increases in task

Performance ability ranges.

Any dynamic artificial aid for the N.A. will obviously
require some sort of support, balance, movement enhergy,
forces and structure along with sensory control mechanisms
to tie it together. The artificial aid or system will

have a definite shape rigidness, component action, location
and materials interacting directly with the remaining body
Wass. The kinrd or type and amount of component will depend
on wha. is beneficial to the organism and its performance
potential as a whole. The components of an artificial,
dynamic aid will determine how the overall body mass is
supported and moved. Kind and amount of materials used
will affect heat, air erchange and surface contact
responses. While influgnces of forces or pressures from
the artificial aid and the physical surrounds must be

properly anti :ipated and cushioned. All energies and

)
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forces which may possibly be present or given off in or
during the anticipated use of any dynamic artificial aid
must be accounted for, including radiant energies
frictional heat, magnetic forces, sixty cycle energy waves,

etc.

Any dynamic artificial aid requires an interfacing media
that must continually bzlance, protect and maintain a shtress-
free biologic condition. The interfacing media must con-
tinually equate or make up for differences in biochemical

and biomechanic imbalances due to both direct and indirect
condition changes resulting from activity being performed.

There is a complex interaction of energies and forces
between the environmental surrounds, the deficient N.A.
organism and the physical system provided. Both indirect
and direct cycle of stimuli will affect the external and
internal integrity of the organism. Whether or not a stress-
free gituation will be maintained, will depend on how well
the interfacing or integrating media of the physical

system can control the stimuli and equate the response of

the organism.
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Diagrams svrLiols

b

1 natural environment {outdoox’)

2 artificial environment (indoor)

3 physical system (substituie £or deficient biowachanic
mechanisms

interface media (substitute for Liocnemical meclonilems
of control

external mechanisms and proczsses of crganism

internal mechanisms and processe.s of organism

3

[+ )T, BN

~,

A continuous cycle of varying levels of interaction
(action + RXN} occurs, with the interfacing media procbably
will become the most important part of any artificial
dynamic aid on system.

<
(1) or (2) affects-éjg) 4j &--—-- %(5{_ ————— ;(6)
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There is a three-way interaction between the environment
condition required and its affects, physical system's
affects and the N.A. organism's biochemical and biomechanic -
needs, The level of success of the interfauce will determine
the level of performance and compatible usage possible with

the dynamic artificial aid.

There seems to be three basic interaction variations possible
l) static interacting, when both physical system and organism
are relatively at rest where readiness to perform is being
maintained,

2)dynamic interaction when a change in organism's internal
and/or external state overtly acts on physical system, and
3)dynanmic interacting, when physical system components and
materials are dynamically acting on the N.A.'s organic mass.
any inte:facing media must allow the user to perform at his

peak performance level without inducing biologic stress.

Despite the level at which one finds most ideal to design
for the N.A., minimal or optimal, the degree of integration
or parmanency of interface is another factor to account for.
Logic indicates that there needs to be a proportionate
increase in component and material sophistication along
with an increase in the amount of permanency as the amount
of biologic deficiency increases. The kind and amount of
use provided und required from any articicial dynamic aid

and amount of value ultimately provided are key factors as to
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warranting of permanent attachments and thus increasing the
aid's sophistication. I feel there is a correlation between
how permanently artificial dynamic aid is jinterfaced or
attached and how optimal and sophisticated it ultimately
becomes. 1Ideally the artificially provided aid should never
be taken off and permanently attached., However, it can be
semipermanently attached to the N.A.'s body with only
portions taken off daily or the aid can be nonpermanent
with all components re.aoved daily. The greater the perma-
nency the more sophisticated any artificial dynamic aid

will probably tend ‘o perform.

Improper and/or poor interfacing of a artificial, dynamic
aid with a biologically deficient N.A. organism could be
disastrous. Success or failure of interfaced artificial
aid must be carefully weighed through pre-evaluvations as
Well as post-evaluations. Any measurement of abnormal
changes in muscular, peripheral biomechanic stress, and/or
chemical stress will indicate unsuccessful interaction.
Avoidant behavior and/or sudden changes in emotional atti-
tude will also be indicative or poor integration between
the N.A. and the a;tificially provided dynamic aid. Such
observation for indicators and measures will be necessary
before real comfort and compatability of any artificial
dynamic aid can be assured. "A minimum of two years ot
field observation and testing,” is suggested by Dr. Harmon

and others. Subjective reports of comfort are often

dra
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inaccurate. It must be emphasized that if not overt,
stressful situations can be easily disguised in the N.A.

by overwillingness, improper neural response capacity and/or:
- possibly habituation. The N.A. organism is likely to
habituz’e naturally or inadvertently to induced stress.
Either way, the N.A. as in nondeficient organisms will not
be able to shut off the harmful physiologic responses to

stressful situations but only its awareness.
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CONCLUS ION

Unfortunately, because of time I must leave this study
just as the "exciting" part begins. However, I sincerely
hope to do follow up work with thie study and see that the
information potential is put to a complete test. I hope
to carry on with the preliminary design results obtained
from a preliminary study to test the information system.

I sincerely hope that others will attempt to use this
study and further extract pertinent performance charac-
teristics for all levels of non-ambulation., At best,
additional research appeaxs warranted in many areas as

implied throughout this study.

To resolve the priblems of the N.A. we will need a more
future understanding. Overall we need to increase and
clarify knowledge nonéerning the N.A. while we fill in
the information gaps iﬁ literature., There is a particular
need to clarify how the human organism's biologic system
functions in correlation to each other, aad as a whole.
We need to determine what are the parameters or biologic
demands of performance and interaction between the human
organism and his supportive surrounds. The need to learn
moure about the correlation of neurophysiology and
determine how visual orientation may be the biologic basis
to design integration. There has been little, to no

advance in literature particularly for those with
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interdisciplinary background and concerns. We need to
develop better means of information storage, communication
symbolism, and retrieval world wids. A world "bank” of N.A.
information accessible via slectronic media is seemingly

the ideal.

Most people today will agree that the technological means

and ability to do just about anything exists. How we
habitually make use of this potential is indeed sad. 1In
fact, it may be possible that medical research will find
remedies, cures, etc. to eliminate congenital deficiencies

in the body and may be able to artificially replace deficient
body parts. At the same time it is possible that society
will eliminate all infections, wars, and accidents.
Eliminating the causes of handicapping conditions is, of
course, the ideal. However, until this happens, the dilemma
of the physically handicapped and the N.A. must become a
topic of social and humanistic importance, as the number of
biologically deficient human beings is growing.

The psychosocial aspects of the N.A. disabilities need the
most research. To insure that future design applications
will relate and carefully meet the N.A.'s emotional and
behavior needs. Interdisciplinary design groups must
continue to syeztematically develop criteria for the N.A.
environments and supportive devices, with an underlying aim,

being to understand and improve the guality of physical

Do
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surrounds for the nonhandicapped as well as the N.A.

In no way Go I wish %o have made anyone feel that their
expertise have been discounted by this study, or its usage
of data. It has been necessary in this study to generalize
and yet try to provide data that is applicable to individual
cases. Dr., Bruce Archer of the Royal Academy of Art,
London, states: "Most information is empirical, reliably
true only for a given situation at a given time.” I hope

I have been able to develop some principlzs out of research
for use by designers and have suggested how they can appiy

it without distortion.

In review of the study's conclusions, certain direct
correlations tended to exist between the level or amount

of biologic deficiency and amount of inability or the N.A.'s
deviation from the norm, the extent of inabilities and
amount of accompanying complications, the ccmplications

and the overall level of resulting biclogic deficiency,

the amount of inabilities and the minimum required or user's
needs to support a beneficial range of task performance,

and what the specifi~ psrformance range requirements are

and the level of design sophistication. Some of the

results of this study other than criteria regularities,
priorities and turning points in requirements for N.A.

design need to be expressed.
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I believe this study reinforces the belief that a psycho-
biolegic approach to design is more than ideal. it is also
possible, As the deficiencies of the N.A. increase the
greater :s the need of understanding the efficient organism.
A biologic breakdown of factors and requirements is a
potential means of getting at all complex design problems

of man.

In all, it has been found that the N.A.'s needs cannot be
taken for granted, The N.A. were found to have the same
needs and desivres as anyone, but usually in a more complex
sequence and with a different priority. This study proves
that there is a viable way of simplifying design require-

ments by determining what the N.A. minimally need.

Design of dynamic artificial aids for the N.A. is self-
defeating unless developers first accouat for the N.A.'s
biochemical needs. Without doing so life for many of the
N.A. conditions is not much more than vegetative. The
N.A.'s organisms neurosensory needs, biomechanic needs ang
their psychic demands are to be accounted for. Without
support of the first, the others are deficient. I believe
that the biomechanic cannot be efficient as a performance
mechanism unless there is first proper reinforcement by the
neurosensory, and an awareness of what:, where, and how the
organism relates to the physical surrounds. The biomechanic

or activity performance needs are third because without

2%
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performance ability the psychic could not be readily
satisfied. Those who are confined to a wheelchair, can
support this claim! Designers using this information
system must take into account reguirements with this sort

of importance scale.

In conclusion it is my belief that to provide any N.A.
organism with the kind of mobility independence they need,
at the varying degrees required, we as determiners of form
must be able to minimally replace the N.A.'s deficient
mechanisms of dynamic structure and orientation (balance)
while controlling and protecting biolo9ic integrity. To
move the N.A. daily thru the vertical planes of space in a
productive manner, they will need a minimal yet éuccessful
action, reaction structure,..aiong with a dual reciprocal
functioning of parts throughout, I believe a key factor
to such design success will depend on using gravity to an
advantage and as a positive force, so only the counterforce
wWill have to be supplied artificially. Secondly, success
will depend on how well we can artificially integrate and
reunite mechanisms of visua)l orientation and thus the
coordinaticn of the overall body's action through the head

and shoulders.

A final qualification I believe for any successful dynamic
artificial aid, will come only thru repeated success of
the aids use, and only after the N.A.'s handicapping

deficiencies are no longer acknowledgeable.

el
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APPENDIX

A case study (CS1) to test the validity and strategy of

the information system was conducted. A portion of its

results needs to be included with this study to indicate
the sort of design criteria and requirements that can

develop from this system with use.

The case study chosen concerns the high thoracic group of
N.A., at the 2.1 level of biologic deficiency. Each of the
listed phases of the strategy were followed and gone thru,
up to and including the design alternative stage. Furthex
Preliminary findings and early design conceptualization is
only available at this time. However, the case study was
able to test the interacting of the three major criteria
sets developed. The following will provide an overview of
those sets of criteria pertaining %o physical aid, inter-
facing, overall design and subjective and objective design
requirements. Preliminary findings and results along with
an attempted development of alternatives based the major
conflicts and crucial issues which developed from inte-
grating the requirements will be disclosed. Up to this
point I believe that the informational system has worked
for the case study and that additional outgrowth of the

following will need to be pursued.
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Appendix (Continued)

To use the data and subseqguent criteria that comes out of
this information system 1t must be synthesized or interacted
to determine the conflicts and crucial issues. Only by
attempting to resolve these coanflicts and issues, can design
soiutions develop. Decisions as to size, shape and materials
and component action can be made from the p:rrovided data if
this is done. Performaiice reguirements which come out of
this system need to be taken into account in the given orders
of importance. I believe anyone who is to design for the
N.A. must consult the provided data. They must use the easy
to identify level of deficiency they are concerning them-
selves with and data related to it, in order to understand
what performance structure and biologic processes need to be
substituted for, corrected and/or ultimately protected.
Without using the data provided, designers will be unable to
clearly compare deficient needs with what is minimally

required to perform.

Primarily the given information source can be used to
determine what kind of characteristics dynamic artificial
aids, components and materials are needed, and in what
relationship and quantity, to minimally answer the N.A.
needs. Later the given data can be used to continually

check back and evaluatz design decisions as to their validity

as they are made. How ideal components and material

D)



substitutes need to be organized into design solucions is
to be based on the biologic analogies provided, and only
after crucial issues and conflicts which result from the
interacting requirements are resolved there is a need to
look back at the many analogles that are made throughout
this stu@y concerned with normal performance if we are to
design in a technically feasible and most ideal way for the
N.A. Listed reguirements are to be substituted as to their

normal functions and total interaction as a whole system.

I feel that there are three design premises or ways to look
at designing dvnamic artificial aids for the N.A. Two of
which I believe should be discounted according to the found
data. The given information is presented in light of
returning a gress yot some level of natural performance
capacity back to the N.A. However, the data can be used to
develop movement systems that move body parts only thru
their necessary degrees of motion without the simultaneous
actions that normally occur. At best such design would
result in a therapeuticially nonbeneficial and robot type
movement. Or the provided data can be used in the develop-
ment of even less ideal and beneficial systems which would
move the deficient body as though it vwere a stiff mass

without movement of its deficient parts.
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In no way is this study conclusive as to design solutions.
However, the following is presenced to indicate the type
of reasoning which needs to be followed to develop design

solutions when using the data provided.
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Usexr, Task Performance Ability Differences and Resulting

Physical Aid Criteria

Criteria is based upon difference found between user's
ability and beneficial task performance required, thus a
comparison of user's needs and task requirements resulted in:

.Must minimally provide and allow user to properly maintain
a 2D and 3D near productive posture position {capability
and freedom)

.Should provide user with a minimal sedentary tolerance of
4 hrs per sitting period

.Must minimally be able to ascend onto and descend frém a
standard size or type of seating device with the following
approximate dimensions, etc
a)Minimum seat pan width of 16-18"

b)16-19" seat pan ht
¢) 90-95° seat back angle
4)8-18" of solid or semisolid seat back support surface
e)Wood, metal or plastic
f)Has rubber skids on each of its legs, howevey, not

permanently attached to floor surface
g) Partial-moderately contoured seat pan and back

hjMinimum seating device, base of support of 17-20"

i) Semiopen seating device bottom

Must minimally be able to move thru a standard size 36"
doorway width

.Must minimally be able to move mass across carpeting,
varying flat and relatively hard surfaces despite water
or dirt particles

.Must be able to move and carry user across slopes max. of
10°

.Must provide unlimited indoor use (except for long flights
of stairs) .

<Must be able to carry user over or down curb minimal of ht.
4-6" (min, stepping capacity) with railing or arm support

«Should compensate and not be influenced by poor suppoxrting
device contours or deficient supportive forces oy pressures
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¢S1 (Continued)

.Should be able to move user from standard bed surface ht.
between 16~-24" to a standing position despite following
conditione:

1)With firm to soft mattress surface

2)With wrinkled blankets and sheets, etc

3)With moderate to firm bed, support base (no casters)

«Should be able to minimz2lly maintain a safe aud comfortable
3 hours of standing per day

Must not allow support device contour, etc. disrupt or
interfere with user's circulatory flow

«8hould operate or function within a temperate climate zone
and/or geographic location

.Should be operative and fully functional within 0-100° F.
and 0-100% humidity

.Should allow user when standing to freely bend thru the
waist and voluntarily maintain any position within a 115°¢
shoulder to thigh flexion range for a minimum of 5 minutes
.Should provide user with a means to voluntarily override
and -control all of system's automatic movement patterns or
dynamic functions

.Should provide both a manual and automatic stop, start and
change f system movement functioning

«Should provide user with a minimum direction control
(components)

~Should provide user with a minimum force control range

.Should allow user to turn around or make a 360° direction
change

«Must minimally provide total mass with approximately a
20x14" base of support area

Must minimally provide total mass with a 10-14" one-half
base of support area

;Should not move one total base of support area (leg and
foot) horizontally farther than 28" at a time (one stride
length)

+Should be able to come to a very quick and sure stop

275



247

cs1l (Continued)

' .Should have or provide a small but quick responding
acceleration range to quickly increase or decrease speed
for duration (1 minute bursts)

.Should automatically controi movement base so that feet
fall no more than 4" apart or no less than 1" along or
from the midline of progression or static balance at any
time

.Should automatically control support base halves so feet
don't out toe beyond 8° or less than 2° of intoe

.Should provide an asymmetric static support base, one half
maximum stride length of 14" and with feet approx. at a
25° angle {1-4" separation)

.Should evenly transfer most of the mass wt. to the support
about the ankles and feet (support base halves)

.Should automatically control support base size with regards
to the mass speed, displacement location of its center of

gravity

.Must be able to smoothly move and control the masses
center of gravity in and out of its support base

.Should move body £rom sitting to standing posture without
flattening out the back and maintain the proper postural
balance

,Must be able to vertically and horizontally transrer c.g.
and at all times be able to bring it back to a stabilized
position above the acting support base

.Must keep c.g. within support base at all times or quickly
return it to within

.Should coordinate or balance the c.g. position and the
application of forces (center of pressure)

.Must control c.~. fluctuations sagittally and laterally
above the support base

.Should allow more sagittal c.g. sway than lateral

.Must hold erect in a vertical position the remaining and/or
deficient muscular skeletal parts (MaSS)

.Must hold total body mass erect over a changing and moving
support base

()}[v
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.Should have its forces that are holding the mass erect,
respond tc changes in the pull of the forces of gravity

.Should alternately and slightiy shift body wt. bearing
oscillate wt. bearing between the two base of support halfs

.Should support and control a sedentary respiratory and
metabolic rate approx. between 100~110 cal. per hr.,
despite length of standing period (min. of 3 hrs)

.Should automatically allow user to safely maintain a
standing posture without having conscious effort make to
manually control

.Shiould require only a minimal amcunt of control or conscious
effort for user to move in and out of a standing position

.Should protect body parts inmse of accidental fall

.Should prccect user from any sharp and/or blunt forces
from protruding objects

«Should protect and not break down upon short term contact
with very hot or cold surfaces

.Should hold body trunk without conscious effort for as long
as user desires (2D, 3D near task)

.Should hold body trunk erect without consciovs effort in a
125 (55° flexion) 2D,3D intermediate and far seated posture

«.Shnuld support and control a dynamic movement respiratory
and metabolic rate between 120-180 cal/hr or (2.5-3 cal/min)

.Should provide the user minimally with a 1 mile (12 block
and/or 30 nin) daily locomotor capacity

.Should progress forward the total mass at a rate between
2.5-3 mph (ideal)

.Should require maximum only minimal voluntary control and

conscious effort to move thru space in a productive
locomotor pattern
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Major Ehysical Aid Design Reouiremants

One hundred and forty-six initial physical aid requirements
were developed, identified and then found to relate in the
following manner to comprise twenty-eight requirement
categories.

Constant Requirements (A,B,C, 1-16) determined

Category (1)

.Reinforce, stabilize and protect existing. visual and
gravitational orientation mechanisms functioning and
freedom to respond between head, neck and shoulders

Category (2)
.Rebalance, maintain and protect neutral visual axis

Category (3)

.Coordinate artificially supplied position and direction
_feedback and control to existing coordinate head-shoulder
and trunk-pelvic actions

.Integrate artificially supplied support balance and
structure with existing structure and balance mechanismg

Category (4)
.Rebalance, maintain and protect neutral vertebral column
balance with the center of gravity (c.g.)

Sensory Requirements (E, 17-58)

Category (5)
.Provide internal condition feedback, control and warning
system sensors

Category (6)
.Provide graduated courdination, control and gdjustment

Category (7)

.Provide insulated, static free dependable and safe
control system.

.Electrical energy transmission circuitry tc coordinate
parts and stimulate action
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Category (8)

Automatic support base movement and size control main-
taining: 8° outward, 2° of inward foot rotation

.1~4" parallel foot separation along line of progression
or stance

.Continuous asymmetric base

.Automatically contrcl and coordinate total mass to rotate
over transforming 1/2 mass base or over full static base
.Maintain center of gravity within and evenly over the
transforming mass base

Category {(9)

.Provide automatic mass support structure and balance element
control and feedback coordination evenly about the

bilateral quadrants of the natural invariant vertical axis
«Pozition and direction integration of mass base and parts

Category (10)

.Provide automatic diagonally reciprocal alement
coordination

.Stimulate, guide and sequence desired element movement
mimicking gross patterns

.Regist all uneven mass balance and undersired mass segment
movement

Category (11)

.Simultanecus coordinate trunk flexion and shoulder-pelvic
rotation, pattern of movement or simultaneously coordinate
leg flexion and pelvic-mass base rotation

.Sequence and time structurally integrated mass bases
movement and balance action

Category (12)

-Autonmatically lift and swing one pelvic girdle end about
1/2 mass base

.Provide vertical balance feedback to equate mass weight
distribution differences over mass base and about the
vertical axis

Category (13)

.Provide automatic balance feedback for both dynamic and
static activity: 1) provide semimanual directional control
over the transforming mass base 2) provide automatic
proximal-distal feedback to stabilize and distal io
prosimal control to transfer mass 3) provide automatic
(reflex) stop and go response and manual control (energy
power) 4) provide manual override over dynamic force
speed and reflex response mechanisms

e
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Force Requirements (#H,653-78)

Category (14)
.Anchor support forces to mass bases
,Pelvic girdle is overall structure force anchor area

Category (15)
.Horizontal and vertical transfer forces actlon on mass base

.Alternate pelvic girdle 1ift ard swing force for dynanuc
transfer of one-half mass base

Category (16)

.Forces to simuitaneously extend flex reiniorce mass segments
rotation and counterrot.tion

Category (17)

Lorrective and supportive axternal thrust jorces roplaning
mlssmg internal forces

ctive ferces in three planes of space holiing mass and
, stmcture erect 1) 2 active forces per cne-half mass base
2} 3 active, two point forces in mass sagittal plane
3) 8 active, one point forces in masses fratal plane

Category (18)

.Force efficiency, mass momentum and eme:.gency reserve
-Optimal utilization of forces and energy

.Provide 30-60 minutes of dynam:.c locomotor power with a
2.5 to 3 mph speed and 1-1/2 mile distance limits

.Laily prowide 15 hours postural transfer and sedentary,
standing oscillation and internal maintenance power

.Daily provide 4 hours unlimited standing capacity, support
energy and forces

Degrees of Freedom Reguirements (I, 79-’-112)

Category (19)
.Protect and maintain full to moderate arm usage and range
.Protect and guide a minimal of existing 30° of head
extension and flexion and 55° of rotation
.Reinforce 115°¢ thigh-shoulder with three minute limited
hold anywhere between 96-115°

. «Reinforce and provide unlimited hold at 6°, 55° and 96°
of flexion (starting from 0 or lying flat)
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Category (20)

.Protect existing 8-10° shoulder rotation while reinforcing
8~10° pelvic girdle rotation and 1lift

.Reinforce 93° of thigh~leg extension and flexion from

177¢ of extension

.Reinforce 43° of foot-leg extension-flexion from 67° of
extension

.Reinforce 10° of ankle~-rotation starting from 2° inward

Category (21)

Allow a maximum of 1-3° of sagittal sway and only minute
lateral sway thru ankles

.Maintain smooth cyclical spiral patterns of mass segment
transfer

.Simultaneously bend, rotate and flex thigh-leg

Category (22)

.Daily proviue 2-3 hours full passive ranging
.Graduated range and range speged program
.Graduate extension and stretch passive capacitly

Provide and Insure Inhibited Movement Freedom

Category (23)

.Transfer to and from common seating devices, beds, and
thru 30" doorways

.Noninhibited movement freedom indcors or in artificial
surround

.Maximally provide 10° slope, 6" curb, and 360° turn
around within 40" performance capacity

.Optimally integrates and does not disturb (pollute, break,
knock down or injure) in common physical surrounds in
which it is to be used (despite duration of use)

Bases of support and Vertical Support and Balance

Category {(24)

.Smooth alternating one-half total mass bage with a 10x14
surface area

.Maintain base transfer and surface frictional contact

PR
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Category (25)
.Provide a minimal total mass base with 20x14" surface area
.Evenly distribute mass weight over mass bases

.Provide an asymmetric total mass base with cengers 14"
apart at 25° angle

Category (26)
.Integrate vertical balance and vertical susp~znsion to mass
structure to maintain overall vertical mass support

Category (27)
«Integrate pelvic~shoulder and pelvic base action
.Al'vays provide neutral vertical support and alignment

«Maintain homeogeneous interaction of mass and structural
segments as a whole

Category (28)

.Provide simultaneous interaction and rotation of adjacent
mass segments

DS
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Physical Aid Design Requirement (Reg.) Categories

Twenty-eight requirement categories were identified,
interacted and then found related in the following manner
to comprise physical aid requirement group:

GROUP (3) Req. Categories 2,4
.OPtrmally maintain and reznforce an neutral visual balance
axis

.Optimally balance and control neutral vertical axis

GROUP (7) Req. Categories 5,7
«.Optimally provide automatic internal balance centrol
.Optimally provide a fail proof electrical energy trans-

mission system to coordinate and integrate artificially
provided

GROUP {5) Req. Categories 17,26,27,28,11,14,21

.Optimally provide external forces of thrust to rebalance
and hold up the natural mass and its structure

.Optimally integrate artificial components and forces of
vertical balance to vertical support

.Optimally integrate the two distal mass bases (and their
structural components and forces) to the pelvic mass base
.Optimally integrate all artificial and natural components
and mass to minimally maintain an overall homeogenecus
mass action

.Optimally coordinate and provide simultaneous masg
extension-flexion with rotation-counterrotation movement
forces

.Optimally anchor artificial support forces and structure
.Optimally reinforce and guid simul taneously spiral
patterns of extension-flexion and rotational mass movement

GROUP (4) Req. Categories 1,3

.Optirally rebalance and reinforce existing sensory
mechanisms

.Optimally integrate and coordinate existing balance,
movement and force control directionality, structure and
action ontc artificially supplied

GROUP (3) Req. Categories 22,23,6

.Optimally provide graduated movement freedom duration

and range

.Optimally insure that benefzclal movement freedom supported
by artificial system is practical and nonconflicting in
common physical surrounds

Optimally provide a minimal graduated movement rarge, Speed,
and coordination, fineness adjustment

D
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GROUP (2) Req. Categories 9,10,16
.Optimally provide diagoralliv-rzciprocal autcmatic
balancing of mass wt, hovizontally thru the quadrants of
the mass (coordinates)

.Optimally provide disgonally-reciprogal automatic
balancing of mass wt vertically across the quadrents of
the mass
.Optimally provide diagonally recipro=al total mass
stabilization and balance forces

GROUP (1) Req. Categories 8,12,13,15,25,24

.Optimally provide automatic mass base, size, direction
and/or transfer control

Optimally coordinate and integrate pelvic girdle lift and
rotation control (forward swing) with 1/2 base transfer
.Optimally provide artificial structure with mass support:
wt. balancing position, direction and reflex response for
automatic stabilization and leveling

.Optimally provide horizontal and vertical forces to transfer
the mass wt

Optimally reinforce and add on to natural pelvic and
overall mass bases

-Optimally provide a smocth and sure contact alternat ‘v,
1/2 mass base transfer

GROUP (0) Req. Categories 18,19,20

.Optimally use, apply and maintain force and movement
efficiency regards to necessary duration magnitude required
.Optimally protect and reinforce existing movement freedom
and ranges

-Optimally guide and reinforce cnly necessary mass gegment
movement

csl
A Rank Ordering of Physical Aid Design Reguirement Groups

Eight physical aid requirement groupings were interacted,
then weighed and given the following order of priority
value:

(8) OPTIMALLY REINFORCE AND MAINTAIN A WEUTRAL VISUAL AXIS
AND COORDINATE IT WITH THE BALANCE ANI; REINFORCEMENT OF
A NEUTRAL, VERTICAL GRAVITATIONAL AXIS
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(7)

(5)

(4)

(3)

(2)

(1)

(0}

OPTIMALLY PROVIDE A FAIL PROOF CCORDINATION AND
INTEGRATING SUBSYSTEM, PARTICULARLY TO PROTECT AND
BALANCE INTERNAL TISSUE MAINTENANCE AND ACTiVITY

HOMEOGENEOUSLY COORDINATE, (WITH CONTROL AND FEEDBACK)
AND STRUCTURALLY INTEGRATE HCORIZONTAL AND VERTICAL MASS
SUPPORT-BALANCE BETWEEN SHOULDER-PELVIC BASE AND
PELVIC-MASS BASES DIAGONALLY RECIPROCATING ACTION
(SIMULTANEOUS EXT-FLEXION AND ROTATION-COUNTERROTATION)

OPTIMALLY USE EXISTING REBALANCED AND REINFORCED MASS

BY INTERACTING REMAINING 1) ORIENTATION-CONTROL (LEVELING
AND DIRECTIONALITY) 2) STRENGTH 3) STRUCTURE, WITH
ARTIFICIALLY PROVIDED 1) POSITION SENSE, CONTROL
PATTERN 2) FORCES AND 3) EXTERNAL MASS STRUCTURE

OPTIMALLY INSURE DESIRABLE USER-SYSTEM INTERACTION WITH
GRADUATED ADJUSTMENT AND GRADUATED SYSTEM CAPACITY AND
FULL SYSTEM~PHYSICAL SURROUND ACCEPTABLE INTERACTION

CPTIMALLY REINFORCE AND GUIDE SIMULTANEOUS PATTERNS OF
MASS MOEMENT: WITH VERTICAL AND HORIZONTAL, DIAGONALLY
RECIPROCAL STRUCTURAL-FORCE CONTROL

OPTIMALLY AND AUTOMATICALLY CONTROL AND STRUCTURALLY
COORDINATE 1/2 MASS BASE TRANSFER, WITH PELVIC GIRDLE
LIFT AND ROTATION (FORWARD SWING) ABOUT THE OTHER 1/2
MASS BASE WHILE MAINTAINING A MASS BASE SIZE, WT.
DISTRIBUTION AND EMERGENCY REFLEX RESPONSE, AND RELYING
ON ALTERNATE VERTICAL AND THEN HORIZONTALLY APPLICATION
OF FORCE INTERACTION BEIWEEN THE MASS BASES

OPTIMALLY MAINTAIN AND EFFICIENTLY GUIDE AND REINFORCE
ONLY NECESSARY MASS SEGMENT MOVEMENT, RANGE AND FORCES
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Physical Aid Subjective (Sub) and Objective (0Obi)
REQEIremeuts 258

Fifty-one initial subjective and objectii2= requirements were
developed, identified and then found to relate in the follow-
ing manner, to comprise categories of Sub. and Obj.
requirements.

Category (15)

.Provides user safety at all times and under any and
all extreme circumstances of anticipated use

.Safe for others to move and work about the dynamic aid
provided

.Complimentary to conventional physical surrounds

Category (12)

.Protect, correct and then maintain an infection or compli-
cation free mass, full self-care support, and help meet and
provide, full indoor use, and minimal outside occupational
and social involvement potential tc meet minimal access
desires

Category (9)

.Restore minimally the survival freedom to adjust to situa-
tions or make change, and control one’s own body form

i time and space

.Adjusts and is flexible in meeting individual N.A. group
user characteristics, fit of remaining body mass and volume

Catagory (8)

.Basy to control and use, can independently use and get on
or off, train and prepare for use

.Restore and adjust to normal emotional and behavioral state,
elimipate depressive, and intrcversion feeling fears, and
social withdrawal

«Provide user with worry free operation and usage, that's
dependable and trouble free

Category (7)

«Made up of a minimal amount of components and hardware
+Easy to set up, install, service and daily maintain
+Provides N.A. group with corresponding performance range
Capacity, ease ~“ use, safety and visual acceptance

Category (6)

+Provides a beneficiil level of N.A. task performance ability
that's unattainable in any other form or way, increases
their daily physical activity level in a natural pattern of
performance, increases performance motivations and desire to
be active, while it is satisfying and has user carry over
value

Category (5)

.Practical availability to all who need and could benefit
from use

.For financial attainability price should be kept aprox.
helow $3,000

.Safely use and keep onfor 16 hours a day, without having
to use a wheelchair
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Category (3)

+Providing necessary 16 hours of daily operation pcwer
mostly for sedentary and indooxr operatiion, along witlh
emergency support, and back up power

Light weight, not bulky ani vet strong

.Force pressure, heat and cold, shack absorption
durability and ruggedness are all mnecessary qgualities
.Properly anticipate material stresz and strains
(tensile qualities)

Do
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A Rank Ordering of Subjective and Objective Physical
Aid Desiqgn Requirement Categories

Seventeen subjective and objective requirement categories
were interacted, then weighed and given the following
order of priority value:

(15) OPTIMUM USER, USAGE SAFETY AND FHYSICAL SURROUND
INTERACTION OR INTERFACING

(12) OPTTMUM BIOLOGIC MAINTENANCE, ALID AND SUPPORT OF A
STRESS FREE CONDITION

(9) OPTIMUM RESTORATION OF THE K.A.'S INDIVIDUAL
SURVIVAL FREEDOM

(9) OPTIMUM INDIVIDUAL USER, USAGE FLEXIBILITY AND
INTERACTION

(8) OPTIMUM EASE TO LEARN TO USE AND OF USAGE
{8) OPTIMUM INDEPENDENT USAGE

{(8) OPTIMUM AID IN ADJUSTING OR RESTORING PSYCHOSOCIAL,
OCCUPATIONAL STATE

{7) OPTIMUM USE OF AND SELECTION OF MATERIALS FOR SYSTEM
COMPONENTS WITH REGARDS TO DURABILITY, EASE OF
CLEANING, ETC

(7) OPTIMUM EASE IN MEETING DAILY MAINTENANCE AND/OR
OPERATING COSTS

(7) OPTIMUM USAGE SATISFACTION AND AID ACCEPTANCE (VISUAL)

{6) OPTIMUM USER OR N.A., GROUP PERFCRMANCE GOAL CAPACITY
PROVIDED

(5) OPTIMUM EASE OF MAINTENANCE, SERVICE, INSTALLATION
AND DEPENDABILITY

(5) OPTIMUM VALUE FOR MODERATE MANUFACTURING, BUYER
PRICE AND COST

(5) OPTIMUM AVAILABILITY OR ATTAINABILITY FOR ALL
ELIGIBLE USERS

(5) OPTIMUM DAILY USAGE FREEDOM

(3) OPTIMUM MINIMIZATION AND SIMPLIFICATION OF
COMPONENTRY AND SYSTEM SOPHISTICATION

(3) OPTIMUM SELECTION OF COMPONENT MATERIALS FOR EASE
OF MANUFACTURING

DRSS
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Physical Aid Interfacing Design Requirements

One hundred and twenty-one initial interface (INT) require-
ments were developed, identifiad &nd then found to relate
in the following manner to comprims« categories of inter-
facing requirements.

Category (10) INT 73,75 & 87

.Stimulate and promote an infection-free state
.Stringently control permanent conitions in order to
eliminate or minimize their variable influence on the
organism's health

.Increase the N.A.'s overall physic:l health

Category (7) INT 1-16

.Increase, balance and control, oxygen inhaling-exhaling
capacity and oxygen reserve

.Provide portable respiratory aids, rhythmic positive
chest pressure lifting and laterai range, rhythmic
abdominal lift and support and diaphragmic weights
.Develop and maintain normal breathing pattern and pace
.Provide and maintain respiratory passage, chest
musculature and neck with nonstatic uneven rhythmic
pressure and irritation protection

Category (6) INT 65,68,69,70,71,72,87,99,103,104,105,117,
118,119,120 & 121
Apply artificial pressure and forces as:
1l) Compound curves of forces :
2) Evenly distributed over as large surface area as possible
3) Greater forces and pressure in safe bony contact cor
nonvascular areas
4) Minimal forces and pressures in fleshy and bony
prominences
5) Perfectly integrate artificially applisd support
pressure and forces

Category (6) INT 38-47

.Provide zero-ninety five deqree F., thermal protection
for mass

-Automatically equate (feedback and control) of supplief
thermal energy (heat and coolness) with regards to
continually maintaining a 34-35° C pevipheral mass
temperature

«Measure difference between circulating water temper:zture
and the desired surface temperature

.Thermal control of perspiration, heat dissipation or
metabolic heat output

+Skin moisture and odor maintenance

D940
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.Provide body temperature danger warning sensor-signal
after 180 cal. per hour of heat output

.Provide thermal cooling and venti’ vion cyctem due to
hyperthermic character and insulzi’ = reguirements, moving
coolants from proximal to distal e::ls of mass

Category (5) 27-37 & 93

«Provide circulatory and abdominal rr2ssure danger warning
signal

.Stimulate proper circulatory flow --d venous contraction
.Increase capillary pressure capaciiv

«Control circulatory flow to the les«s and feet

Category (5) INT 48-~56 & 86

«Bowel-bladder care and cleanliness maintenance, pressure
and irritation protection

«Evacuation and urinary appliance zccess freedom

.Urinary appliance installation, a2 and protection
«Maintain clear waste evacuation itracts

Category (5) INT 56,62,73,78,79,80,01,82,83,91,96,100,
102,107 & 109

«Protect and maintain entire ratural remaining mass and its
frame from falls and/or from abrupt incidentazl exte rmal
and/or internal, hypertensiva2 reflex forces

+Provide continuous minute surfacs tissue vibration and
pressure change, to stimlate capillary circulation
particularly in sedentarv wt. Lkeoaring areas of mass _
+«Provide full pressure scre protection against any skin or
surface tissue irritatior., rutbing or uneven pressure
which may disrupt capillary circulation

Category (4) INT 61,63,64,84,85,110

«Protect natural mass from any abrupt or extreme external
contact with hot or cold surfaces

+Provide and maintain minimal all year around usage in
temporate ciimatic zone

.Provide safe, climatic functioning in: 0-95° F weather
range, 25 mph winds, 0-100% humidity, moderate rain and/or
snowfalls

‘Category (4) INT 16-26

.Decrease, then balcace and control their gastrointestinal
activity, metabolic heat rate, by controlling their 02 intake
and their body temperature
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.Develop, maintain and balance a minimal 30-60 min,
120-180 cal/hr energy reserve and corresponding
respiratory capacity

.Maintain a maximum metabolic heat rate c¢f three cal/min
or a dynamic activity heat rate between 120-180 cal/hour
and a sedentary rate of 100-110 cal/iir

Category (2) INT 57,58,59,89,112,113,114,115,117 & 118
.Optimally minimize the mental per=sptual concentration
and physical effort

-Minimize the physiologic expense ti:- perform

Category (2) INT 74,94,97,98,106,11%

«Protect existing mental capacity and sensory equipment
.Maintain meaningful awareness, performance readiness
.Guard against overelectrical stimulation nerve ending
pressure, or near brain wave os<illiztion and neural
annoyance

«.Reinforce, protect the spinal cors, znd vertebral column,
£from external forces and internal compression, yet move
it in its natural homecgenous wa::

22
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A Rank ordering of Phygical Aid_Interfacing Design
Requirement Categories

Eleven interfacing requirement categories were interacted,
then weighed and given the following order of priority
value:

(10) OPTIMALLY RESTORE OR CORRECT AND THEN MAINTAIN OR
PROTECT (PREVENT) BIOLOGIC DEFICIENCIES

(7) OPTIMAL RESPIRATORY (02) AID, SUPPORT AND CONTROL
ABOUT THE CHEST AND ABDOMINAL .:REAS

(6) OPTIMALLY INTEGRATE (CONTACT) ‘¥TSRNAL FORCES .AND
PRESSURES TO SUPPORT THE ORG2MT(C MASS

(6) OPTIMAL INTERNAL BODY TEMPEEZ 77> END PERSPIRATION
BALANCE AND CONTROL

(5) OPTIMAL CIRCULATOEY FLOW ATI:. ZUPSORT AND CONTROL,
IN ABDOMINAL AND LOWSR EXTREMT Y ALREAS

(5) OPTIMAL BOWEL~BLADDER (EVACUATYIN) PROTECTION, REIN-
FORCEMENT AND CONTROL OF GEN.U'{”-ANAL, LOW BACK AND
ABDOMINAL AREAS

(5) OPTIMAL NATURAL MASS, SKIN 't3:3% PROTECTION AND
STIMULATION OVER THE FNTIRL - T I0TED MASS

(4) OPTIMAL EXTERNAL BODY iTIM3EIANTIHE PROTECTION, EXCHANGE
AND BALANCING CONTROL, OVER ENTTRE AFFECTED MASS

(4) OPTIMAL METABOLIC BALANCT, SUPPORT AND HEAR RATE
CONTROL OVER ENTIRE AFFECIED MASS

(2) OPTIMAL PHYSICAL AND MENTAL EFFORT EFFICIENCY
(2) OPTIMAL MENTAL AND SENSORY PROTECTION AND STIMULATION
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Major Physical Aid Requirement conflicts

The conflicts were determined by interacting the requirements
of each of the three major criteria listings with and within
each other with the following as only an example of
conflicts between:

A'B.c' 1 & 10

Optimally require head and back of neck reinforcement, yet
require that center of gravity be maintained at all times
and at its natural level of height or lower

A'B'C‘ 1 & 15

-Optimally require head and neck reinforcement, yet require
existing sensory mechanism response freedom and mental
alertness

F 136, Sub, 38 & G 125

«Require homeogenou body and physical aid mass, structure
action and integrat on, yet require rigid support and ,
minimal number of _oints in physical aid for a moderate cost

E 50,49 & INT 117

«Require minimal conscious effort to operate and minimal
visual concentration to use...yet require semimanual
directional and pace control

H 59,78, R8 & INT 66

«Require rigid yet flexible forces of mass balance-correction
and firm well fitting forces cf mass support and alignment
correction, yet require nonsitatic or irritating pressure
action in thoracic area and even external pressure distribu-
tion for respiratory support

E 36,29,26 & INT 58, H 76

+«Require force and mass transfer efficiency, yet require
that one-half of the mass base is alternately lifted and
swung forward with a smooth impact action

I 97,79,84 '

.Reguire ugser to stretch, extend and hyperextend in a prone
positioning, yet require only 115° of shoulder-thigh
extension necessary and that extreme extension of limbs is
dangerous

I 93,98

-Require necessary 2-~3 hours of passive ranging daily,

for N.A. level, yet require only 30-60 minutes of limited
locomotor range action as beneficial (and the rest of time
in standing and sedentary postural changes)

D1}
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I 106, INT 106, I 101 & INT 108

«Require total mass postural change transfer and standard
seating and supportive device usage, yet require full
buttock, low-high back and vertebral column protection
and external reinforcement

Y103, R7, ES58, H73 & 75

-Require unlimited indcor, user and dynamic physical aid
transfer, freedom and usage, yet require a great deal of
respiratory component aid, portable outdoor power sources

Csl
Major Subjective (SUB) and Objective (OBJ) Physical Aid
Requirement Conflicts Between:

SUB 22,17 & INT 13

.0pt1ma11y require that the physical aid is safe to use for
16 hours per day and require that approx. two-thirds of the
typical user's natural body mass is artificially supported,
yet require that no confinement feeling should be prompted

in users

suB 17,52,48

.Optimally require full 16 hr. daily usage, yet require
only 30-60 min. (1/16th) of that time to necessary, dynamic
locomotor activity and minimal system components (energy,
structural, ccordination elemsnts)

SUB and OBJ 46,48,49 & 36

.Requlre that NQA. group variance flewibility and adjustment
be built in, yet require minimal number of components,
sophistication and set up time, etc

SUB-OBJ 45,52,26 & 48

.Require that it provide graduated performance adjustment
and be usable for graduated therapy, ranging and
rchabilitation programs (at home and in hospitals), yet
require minimal numbexr of components joints etc. and only
what's necessary to meet N.A. group beneficial task
performance range

SUB-ORJ 43,45 & 42

-Require that the physical aid be designed for and used only
after typical N.A. group user's condition stabilizes and
only for a daily beneficial performance range, yet require
that it be usable as soon as possible and in a graduated

- program of rechabilitation
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Major Interface Reguirement Conflicts Between:

INT 8 & 4

.Require nonstatic rhythmic, positive chest musculature
pressure while we require full neck musculature freedom
and not chest or neck surface irritation

INT 64 & 45

.Require a 0-95° F. thermal surround access, while requiring
that system must stringently maintain and preserve a 34-35°C
peripheral body temperature

INT 42, 26 & 43

.Require thermal insulation protection of atrophied areas,
yet desirably need to enhance vascular contraction and/or
support lower extremity circulation

INT 41,42,13 & 44

.Require full thermal protection insulation and mass support,
vet need to maintain full peripheral surface breathing and
control, excessive perspiration fiow

INT 42 & 47

«Require full thermal control, insulation and protection
about ‘the affected mass, yet require decrease in excessive
heat output (metabolic rate)

INT 51 & 53

.Require abdominal, low back and pelvic area supportive
Pressure and forces, yet reguire full excretatory, self-care
freedom, and urinary appliance usage when it's necessary

INT 69 & 73

.Require evenly distributed mass support pressures and
forces over as large an area as possible, yet require no
pressure application in fleshy mass areas

INT 69 & 89

«Require evenly distributed mass support pressures and
forces, yet requiring that system help alleviate or prevent
abnormal internal cavity pressures, at all times

INT 71 & 91

sRequire the application of support forces and thrusts in
safe locations, yet recuire that organic mass must be
protected from all external forces and/or irritations

DS
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INT 69 & 36

.Require that system optimally prevent vascular constriction
and hard and soft tissue atrophy and try to restore mass
size and strength, yet requirs that we provide evenly
distributed support pressure and forces about the same
tissue areas

INT 13 & 22

+Require the system to optimally maintain clean-dry skin
and protect tissue from irritation and/or external forces,
while requiring full affected area surface and mass
enclosure and pressure

INT 95 & 103

.Require that system help control blood pressure flow into
legs,yet require no irritating tissue or applying local mass
tightening or pressure

INT 97 & 102

«.Require without the use of straps, well fitting mass support
{nonstatic) in the high thoracic area, yet require that the
Support in this area does not rub,irritate or ride away from
the mass surface at any time (provides even pressure)

INT 100 & 106

.Require that system optimally suspend in a vertical manner
the vertebral column, yet require that the vertebral column
is optimally protected from external forces and/or internal
compression abrupt twisting

INT 106 & 113

-Require optimal lumbar, sacral mass area support, yet
require that nc abnormal or uneven internal cavity pressure
be produced

INT 121 & 107

.Require that the system daily provide full and beneficial
mass segment ranging beyond what's reguired for daily
performance needs, yet require minimal system cost and/or
system sophistication that'’s necessary to meet beneficial
N.A. group performance with the least number of components

INT 81,82,18 & 37

.Optimally require protection of bony prominences and weight
bearing mass areas, from any abrupt forces or tissue break-
down, y t require, even mass pressure and well fitting
surface contact, that provides continuous minute pressure
changes or vibiation
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INT 81 & 82

.Optimally require well fitting, wrinkle-free and even
supportive pressure and surface contact, yet require
continuous minute mass surface pressure vibration

INT 81,69 & H 66,60 '

«Optimally require that each N.A. group user has well fitting,
wrinkle-~free and even supportive surface pressure, yet
require the mass support be rigid enough to mowve and guide
body segment masses

INT 81,76 & 92

.Optimally require that each individunal has perfectly
fitting mass support and pressure for their particular mass
character and condition (size, shape and texture), yet
require and hope that the mass rebalances and restores
itself (increases fiber size and increases in vascular
contraction capacity, etc)

INT 107 & 115

.Optimally require that system must not restrict existing
movement range or performance capacity (upper extremities,
shoulders, neck and head), yet require that the neck-~back
of head and shoulder girdle be reinforced vertically and
that the deficient mass is integrated with existing head and
shoulder movement -

INT 113.48 & H 96,91

.Optimally require full lumbar-sacral area support without
causing abnormal pressure internally, yet require that the
individual bend thru their waistline and stretch low back

and abdominal musculature daily, if possible

INT 105,8,108 & I 89

.Optimally require nonstatic, thoracic area support, and
respiratory musculature aid, yet require full vertebral
colmn protection, and 8~10° shoulder-pelvic rotation and
counterrotation

INT 67 & I 86,87,109

-Require that ankles not be locked during dynamic mass
movement, due to awkwardness, yet require that ankles be
locked during static and dynamic postures f£or stability
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Modular Design Proposal

Proper infegration cf component and material needs is very
important and a necessity if a unified dynamic artificial
aid is to be designed. cCareful marriage or overlapping of
materials and components functioning have been found with
particular requirement commonalities and action qualities.
An interesting change regarding design needs has been found
to occur as the amount of biologic deficiency changes. As
the amcunt of biologic deficiency increases the amount of
components to provide perfofmance action decreases and
components to maintain safe interaction increases and vice a
versa. Thus design needs do not ~hange to much in amount as
deficiency changgs buﬁ 6ﬁly as to kinds of needs that are to
be met. As an exaﬁple,jéll N.A. will require basically the
same support below their hip joints, however component and
material needs will vary as the performance and interfacing
needs change with the varying levels c¢.Z deficiency. The
idea of having modular components that would be the same

and based on bioldgic differences could be most efficient

as only necessary amounts of action and interfacing sub-
componen£ would need to be substituted for. Whether or not
a system of modular components which would change in
charaétér by adding or taking away subcomponents is yet to

be fully determined. However it does s~em most ideal with

'regards to the criteria provided in this study.



Tn summary I believe the presented data has the potential

to be used as a basis to develop an overall dynamic system

made up of modular action and interfacing components and
naterials which could simply meet all N.A.'s performance

needs.
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Schematic diagram of major interfacing design requirements

(continued)
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Schematic diagram of major interfacing design requirements
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. 8chematic of Physical Design Regrirements
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Modular Design Proposal
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REFERENCES

The given reference listing is a select sampling of the
actual six hundred and twenty-four literature sources
which were reviewed in the course of this study. A full
annotated bibliographic listing entitled "Artificial
Locomotor Support for the Non-Ambulatory Human Organism"
is on file at the Environmental Design Department Library

and by the author.

The following entries are provided in hopes of indicating
the broad breadth of knowledge which I feel needs to be
accounted for, Because of the study's nature, most of the
information and discussion provided throughout this entire
study or with any of the references cited are the present
writer's own and not those of the original writers. Users
or readers of this study should read the references in
their entirety in order to be familiar with the original
writers context and overall material being interpreted,
cited or quoted by the present writer. The given entries
are asterisks* to identify each entry's major topical

concern and how it related to the overall study.

31z




271

Select Refercnce Listing

Abramson A.S. "Use and pbuse of Ambulation Training in
Rehabilitation" Pogt Gwndunve Mal. vol 23, nli8-185
Feb 1958 *Care, therapy.

Allport G, W, and Vernon P.2E. "Studies in Expressive
Movement” Macmillan pub. co. 1933 *Contiol of body.

Anonymous {sitpff of Uaiv of Calif.) "Co:mesxs, Can It Be
Defined" Child amputee prosthetics preject: Univ of
cajif. Inter-clinic 1nformatlon bulletin {5) 10: p4-9
July 1366 *problems cf eosmesis, cosmesis vgs function.

Arnhcff r, "Body Image Deterioration in Paraplegia J. of
Nerwous and Menhal Disease wel 137, p88-92 July 1963
*Pgychologic change,

Basmajian J0.V. "Muscles Alive" Williams snd Wilkins Co.
Baltimoxre M4, 1962 *Muscular skeletal functioning.

Best C.H., and Taylor N.EB. "The rhysiolegic Basis of Medical
Practice, a Text in Applisd Phyesiologwv", Balt., Williams
and Wilkins, 8th ed, 1966, 1793pp *Psyﬂhobiologic
nature of man,

Bors E, "Spinal Cord Injuries" vVet, Adm. Tech Bulletin:
1948 2, 10=503 N Ra

Bush C.A., "Study of Pressures on Skin mder Tschial
Tuberostities and Thighs Duringy Sitting" Arch Thys Med.
vel 50 p207-212 Apy. 19695 *Exterioception

Cannon W.B. "The Wisdom of the Body" W.W.Norton and Co.,
1932, 31i2pp *D.B.Eamnon ref. “psychobiologic nature
of man.

Chanbers A.B., “Controlling Thermal Comfort in EVA Space
Suit" Awes Res. Ceantexr/Biotechaoloyy Div. Moffert Field,
Calif. ASHREE J. vol 12, p33-38 Mar 1970
#problems of maintaining appropriate body temp.

Chase R.A. "Biologic Aspects of Environmental Design/Role
of Biology in Planning Mans Enviromment" Clin Pediat
(Phila) vol 8,p258-74 May 1969 *Interfacing

- Cheshire D,J. "Respiratory Management in Acute Traumatic
Paraplegia" Paraplegia vel 1, p252-261 Mar.1l964 *Care

Cohen Leonard "Role of Eye and Neck Proprioceptive
Mechanisms in Body Orientation and Motor Coorxrdination®
1960 *Control of body.

-—

N




272

Contini R. et al "Functional Evaluation and Acceptability
of the Henschke Mauch Hydraulic Swing and Stance Control
System" Dept of Med, and Surgery Vet. Adm.

Washington D.C., July 1964 *artificial aid,

Cooper John Miller "Kinssiolegy, Aninzl Locomotion®
Mosby pub. co., St. Louis 310pp 1548

Cooper T., Drongeson J., Grall T. et al. "Wabeek Report”
Environmental Design Dept/Univ of Wisconsin, Madison
Fall 1969 300pp *Psychosocial problems of the phys
handicapped, psychobiological problems and facilities
for the handicapped

Cooper T., Drongeson J., Grall T, et al., "Synetics"”
(synetics session one, Efficient Self Mobilization of
the Handicapped) 110pp Jan 9 1970 unpublished paper/
environmental design Dept/Univ of Wisconsin, Madison
*Design method, brain storming, new ideas for mobilization,
etc,

Dart Raymond A. "The Attainment of Pobe" South African
Med J. vol 21. p74-91 Feb 8 *Malposture, postural
alignment, torso twisting and dynamics of balance.

Dietrick R.B. "Tabulation and Review of Autopsy Findings
in Fifty-Five Paraplegics" J of the Amer Med Assoc.
vol 166 p4l-44 Jan.4,)958 *Complications

Dimitrijevic M.R. "Electronic Control of Paralysed
Extremities" Bio Med Engineering Jan., p8-19 1968
*Reviews current electronic zid systems, volitional
control of movement

BElftman H., “The Function of Muscles in lLocomotion”
Am J Physiol vol 125, p357~366, 1939
#Muscular skeletal functioning

Elftman H, "The Rotation of the Body in Walking" Arbeits
Physiol. vol 10 p477-484 1939 *Locomotion

Engel G.L. "Psychological Development in Health and
Disease." W.B.Saunders Co. Phil. 1962 *Psychosocial
character.

ERIC CLEARING HOUSE ON EDUCATIONAL FACILITIES (abstractor
T.B.Grall) "Design Needs of the Physically Handicapped"
celect bibliography for the bept., of H,E.W. May 1970
37pp (obtainable from: Env.Design Dept.,Univ.of Wisconsin)
*public facilities, access, equipment and aids,
educational facilities, etc.

314



Fishe; S. "Body Image and Personality" Von NMNostrand,
Prainceton. 1958 +#*psychosocial affects.

Fox R.H. "Thermal Comfort in Industry" Applied Ergonomics
J. Sept. 1970, p210-216 *Thermal responses

Gatz, A.J. '"Essentials of Clinical Neuroanatomy and
neurophysiology” 3rd edition, F.A.Davis Co.,Phila. 1966
*Neuro and physiologic nature of man.

Goldsmith Selwyn “Aiding the Disabled" Design Mag. Vol 251
Nov. 1969 p25~-45 *Tools, devices for mobility, design
criteria, design problems.

Grall Terrxy B. "Characteristics Indexs on the Physically
Handicapped" Spring 1970 (unpublished paper)
Environmental Design Dept., Univ, of Wisconsin, Madison,
3lpp *Reviews characteristics of varying handicap
conditions, design interpretations, activity needs,
inabilities and abilities

Grandjean Etienne "Fitting the Task to the Man: An
Ergonomic Approach" Taylor, London, 1lélpp 1969

Guttmann L. "Statistical Survey on One Thousand
Paraplegics” Proc. of the Roy. Soc. of Med. vol 47,

Guttman L. “Spinal Deformities in Traumatic Paraplegics
and Teraplegics Following Surgical Procedures”
Paraplegia vol 7 p38-58 May 1969

Hardenbergh D.E. "Introduction to Dynamics" Holt
Rinehart and Winston, N.York 245pp 1963

Harmon D.B. “Dynamic Theory of Vision" published by the
author, Austin, Texas, Feb. 1958 (ccpy available at
the Env. Design Dept., Univ. of Wisconsin, Madison.
*Movement~-posture and vision, frame of referemnce and
orientation

Harmon D.B. “Physiology of Design® (unpublished seminar
notes of the summer of 19265, 24 sessions) 400pp
Environmental Design Dept., Univ., of Wisc,,Madison
*pPsychobiology, body mechanics, equilibrium of bodily
systems, bilateral mechanisms, nature of man.

Heather J.J. "Use of Vital Body Functions to Produce Power
for Prosthetic and Orthetic Devices” Archives of Phys.
Med. vol 43 p301=-303 June 1962 *Artificial aid,




274

Henrich E.D, "Experiments in Survival® BAssoc, for the
aid of Crippled Children 1961 199pp *33 people,
who have in common only the fact that they had to learn
tc survive and function with some sort of physical
handicap write about themselves,

Hobson E.P. “Physiotherapy in treatment of Spasticity”
Physiotherapy vol 43, p351, Dec. 1957 *Therapy and care.

Howarth W. “Living at Home as a Totally Disabled Person"
Int., Nurs, Rev. vol 17, pZ38-253 1970
*Accidents and adaptation.

Inman V.T. "“Human Locomotion® Canad, M.A.J. vol 94
pl047-1054 1964 *zmpulation, -

Jennings D. “Design and Testing of Water Ccoling Garment
CGl for the Apollo Space Suit System" Mamilton Stand,
Rept. SVHSER 3194 June 17, 1964 *Interfacing.

Klopsteg P.E. "Human Limbs and Their Substitutes™
McGraw Hill 453pp 1954 *Artificial aid.

Knott Margaret and Voss D. "Proprioceptive MNeuromuscular
Facilitation" Hoeber Inc. New York 1956 2Z5pp
*Control of body.

Lashley K.S. "The Problemcof Serial Order in Behavior"
(space coordinate system) pl24-127 *Reflex mechanisms.

Levine M.G. and Kabat H. "Proprioceptive Facilitation of
Voluntary Motion in Man" J of Nervous and Mental Disease
vol 117: plS9-212 Mar. 1953 #Kinesthesis,

Lowman Charles "Postural Fitness: Significance and Variance"
Lea and Febiger Pub. 34lpp 19260 *Posture and pake.

Macey Josiah Jr. "Macey Foundation Reports/The Central
Nerwvous System and Human Behaviour®" (cybernetics)
1959 translations from the Russian Medical Literature,
U.S. Dept. of HEW, 2 vols, 795pp

Magnus R. ‘"aAnimal Posture" DProc Roy Soc vol 98: p339
1925 *posture and poise. ’

Mc Culloch W.S. “Emodiments of the Mind" MIT Press,
Cambridge, Mass. 402pp 1965 *Cybernetics. ’

Michaelis L.S. "Orthopaedic Surgery of the Limbs in
Paraplegia" Springer, Heidelberg, Berlin. 1964
54pp 30 illus. (monograph) *Spasticity, contractures,
ostoomyelitis, etc., care of limbs,




275

Morton D.J. and Fuller D.D. "Human Locomotion and Body
form” wWilliams and Wilkins Co. Balt., 1952 277pp
*Gravity and man, foot, evolution of limbs, and
dynhamics of motion

Mosher R.S. '"Industrial Manipulators" Sci. American,
Oct. 1964 p88-95 *Man machine interfacing and
kinesthetic feedback

Murphy E.F. "The Challenge of Replacing Human Parts and
Functions" Veterans Adm, New York,N,¥. 10001
9pp 1965 *Progress, use of technology, reviews state
of the artifig¢ial aid.

Murray M.P. "“Gait as a Total Pattern of Movement” Am J
of Phy Med vol 46 #1, p290-333, 1967 +*Loromotion.

Nubar Y. "A Minimal Principles in Biomechanics® Bull.
Math Biophys. vol 23 p377-390 1961 *Biomechanic factors.

Pool J.L. '"Visceral Brain of Man" J of Neurosurgervy
vol 11, p45-63 Jan 1954 *Biologic rhythms.

Ralston ¥.J. "Energy Levels of Human Body Segments During
Level Walking" Ergonomics vol 12 p39-46 Jan 1969
*Body composition and mezzbolism.

Rasch P.J. et al. “Kinesiology and Applied Anatomy"
(3rd edition) Lea and Febigar, Phil. 1967 *Locomotion,

Ruge Daniel "Spinal Cord Injuries” C.C.Thomas,
Springfield, Ill. 226pp 1969 *Excellent ref. on N.A.

Selye H. "The Physiology and Pathology of Exposure to
Stress" Montreal, Canada, ACTA Inc. 13950 *Interfacing.

Schermarhorn R.S, "Locomotion, A Chronological Literature
Survey" (unpublished) Sept, 1968, 21lpp Environmental
Design Dept., Univ. of Wisconsin, Madison.

Smith K.J. "Biochemical and Physiological Evaluation of
Human Subjects Wearing Pressure Suits Under Simulated
Aerospace Conditions" Final Report, Aug. 1963, 49pp.
USAF Aerospace Med. Res. Labs AD 626 619
*Metobolic effects of space suits.,

Smith K.U. "Cybernetic Foundations for Rehabilitation”
Am J of Phy Med wvol 46, #1, 1967 p379-4567

Snow W.B. "Psychosocial Aspects of Disability" amer J. of
Phys, Med vol 40, p249-256 Dec 1961

917




276

- Stauffer 3.S., Nickel and Erickson et al. Aattending staff

- Association of the Rancho Los Amigos Hospital.
“Interdisciplinary clinical, educational and research
aspects of a regional center for the rehabilitation of
spinal cord irnjured persons." Project # wrd 2114M-68-C2
Sept. 1969. 200pp *Character and care of N.A.

Steindler A. "Kineéiology of the Human Body" C.C.Thomas
Springfielid Ill. 708pp 1955 #*Lectures on gait.

Stockmeyer S.A. "An intexrnretation of the approach of "Rood"
to the Treatment of Neuromuscular dysfunction"
Am J of Phys Med vol 46, #1, p200-955 1967

Von Bekesy .G. "“Sensory Inhibition" Princeton Univ. Press,
Princeton N.J. 264pp 1967 *Sensory motor mechanisms.

Walters C.E. ‘"Interaction of the body and its Segments”
Am J of Phys Med wvol 46 #1, p280-289 1967
*Anatomical components.

Waterland Joan C. "The supportive Framework for Willed
Movement" Amer. J of Phys Med vol 46: #1 p266-278 1967
*Tonic neck reflex phenomena, composition of skilled
movements.,

. Webb P, et al. "Automatic Cooling in Water Cooled Space
Suits"” Aero Space Med vol 41, Mar. 1970 p269-277 2lrefs.
Mater cooling in space suits.

Webb P. (editor) *"Bioastronautics Data Book” NASA,
Washington D.C., Scientific and Tech. Information Div.
1964 (prepared by Paul Webb Assoc., Yellow Springs,0Ohio)
*cualitative human data upon which to develop design
criteria, applied physiology

Weisz S. "Studies in Equilibrium Reaction" J Nerv and
Ment Dis. vol 88 pl50 1938 *Reflex mechanisms.

Williams and Lissner H,R. "Biomechanics of Human Motion®
W.B.Saunders Co. Phil. 140pp 1962

Wright B.A. "Physical Disability: A Psychological Approach"
Harper, N.York 1960 *psychosocial change.




276

Stauffer E.S., Nickel and Erickson et al. Attending Staff
Asgsociation of the Rancho Los Amigos Hospital,
"Interdisciplinary clinical, educational and research
aspects of a regional center for the rehabilitation of
spinal cord injured persons." Project # R4 2114M-68-C2
Sept. 1969. 200pp *Character and care of N.A.

Steindler A. "Kinesiclogy of the Human Body" C.C.Thomas
Springfield XI1l. 708pp 1955 ?*Lectures on gait.

Stockmeyer S.A. "An interpretation of the approach of "Rood"
to the Treatment of Neuromuscular Dysfunction®
Am J of Phys Med vol 46, #), p900-956 1967

Von Bekesy G. "Sensory Inhibition” Princeton Univ. Press,
Princeton N.J. 264pp 1967 *Sensory motor mechanisms.

Walters C.E. "Interaction of the body and its Segments”

Am J of Phys Med vol 46 #1, p280-289 1967
*Anatomical components.

Waterland Joan C. "The supportive Framework for Willed
Movement"” Amer. J of Phys Med vol 46: #l1 p266-278 1967
*Tonic neck reflex phenomena, composition of skilled
movenments.

Webb P. et al, "Automatic Cooling in Water Cooled Space
Suits" Aero Space Med vol 41, Mar. 1970 p269-277 2lrefs.
*Water cooling in space suits. '

Webb P, (editor) “"Bioastronautics Data Book" NASA,
Washington D.C., Scientific and Tech. Information Div.
1964 (prepared by Paul Webb Assoc,, Yellow Springs,Ohio)
*ualitative human data upon which to develop design
criteria, applied physiology

Weisz S, "Studies in Equilibrium Reaction" J Nerv and
Ment Dis. vol 88 pl50 1938 +%Reflex mechanisms.

- Williams and Lisuner H.R. "Biomechanics of Human Motion"

W.B.Saunders Co. Phil. 140pp 1962

Wright B.A. "Physical Disability: A Psychological Approach”
Harper, N.York 1960 *pPsychosocial change.



